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Abstract
Slime from the land snail Helix as-
persa was investigated in this project us-
ing various analytical techniques after par-
tial solubilization in NaOH aqueous solu-
tion and separation through Size Exclu-
sion Chromatography (SEC) on a Super-
oseHR 6 column. The main batch of
slime (FS) used here was obtained from
live snails and dissolved in 10 mM NaOH
in the laboratory. A second batch of slime
(PS) from the same species was obtained
from a farm in Poland already dissolved
in 0.1 M NaOH. The solubility of freeze-
dried PS was tested in a variety of sol-
vents. Highest solubility was observed for
0.1 M NaOH and 10 mM NaOH, while
lowest for 1-octanol and methanol. Wa-
ter content determination performed on
FS showed a composition of 93-95 % wa-
ter, and 87 % of the FS was NaOH-soluble,
while 13 % remained almost insoluble even
in strong denaturants. Using elemental
analysis the C/N ratio of FS was found
to be ∼7.4. Both batches of slime pos-
sessed the same SEC profile, producing
a high molecular weight peak at a rela-
tive volume of approximately 0.4 (∼500-
700 kDa, dextran std.), a broad medium
weight peak at ca. 0.6 (∼80 kDa, dextran
std.), and two distinct peaks above 0.9
(below the column’s linear range). One
last peak eluted after the total retention
volume, at ca. 1.1, due to interaction with
the column. Six fractions, splitting the
first peak in two, were collected for fur-
ther analysis. Protein detection was per-
formed through the Bradford assay and
by measureing UV absorbance at 280 nm.
FS, and fractions 1 and 2 showed con-
sistently to contain protein. Fraction 5
showed high UV absorbance while remain-
ing unreactive to the Bradford assay. Car-
bohydrate detection was performed using
the periodic acid-Schiff’s reagent (PAS)
assay. FS, PS and SEC fractions showed
very little reaction to the PAS assay, as
did a hyaluronic acid control. SDS-PAGE
with Coomassie Brilliant Blue G-250 stain
was performed, showing a number of dis-
tinct protein bands, some of which had
lower mobility than the highest molecular
weight protein in the ladder (250 kDa).
Based on these results, a general struc-
tural model is discussed. Additionally,
spontaneous acidification in the NaOH-
soluble portions of the slime was observed,
related to sample preparation, handling
and storage.
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Chapter 1
Introduction
Snails from different species and prepared in a variety of ways, from crushed and pow-
dered to grilled and infused, have been considered of medicinal value in the West since
Ancient Greece and well into modernity (Bonneiman 2005). Nowadays, skin care prod-
ucts are marketed by a number of cosmetic and dermatological brands containing varying
preparations and extracts of snail slime, specifically of Helix aspersa Mu¨ller(H. aspersa).
These skin products are claimed to have healing, rejuvenating and protective properties
thanks to their snail slime content, or more specifically, due to the natural occurrence
of hyaluronic acid (HA), proteoglycans, glycoprotein enzymes and antimicrobial peptides
in the slime (The Dermatology Review 2015). The practice, however, of including some
of these substances in the formulation of skin products besides the slime itself, makes
it difficult to distinguish the actual source for any effects experienced by consumers or
reported in clinical trials.
Furthermore, and in spite of the interest invested in the skin-healing properties of
the slime from H. aspersa snails, the knowledge of its overall composition is fragmented
at best. Research has shown H. aspersa slime to contain allantoin and glycolic acid (El
Mubarak & Ahmed 2013), sulfated N-acetylglucosamine and glucuronic acid probably in
the shape of large mucopolysaccharides (Pancake & Karnovsky 1971), and choindritin
sulfate as part of the head-foot tissue (Hovingh & Linker 1998); however, no comprehen-
sive studies of the general composition and structure of the slime as related to its physical
properties and function exist as far as this project has been able to unveil.
To speak of, or study, snail slime requires first and foremost a definition of what the
term “snail slime” refers to. To this end, a definition of a slime substance in general is
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necessary. Slime is the non-specific name often given to watery, partially adhesive and
viscous substances produced by of different tissues in a number of living organisms, from
fungi to mammals.
A common online dictionary definition for slime is:
“An unpleasantly thick and slippery liquid substance:
the cold stone was wet with slime”
(Oxford Dictionaries 2015)
It is worth mentioning that neither the Oxford Dictionary of Biochemistry and Molec-
ular Biology, nor the Hutchinson Pocket Dictionary of Biology or the Oxford Dictionary
of Chemical Engineering have a definition of the word slime (Cammack 2015; Schaschke
2014; Helicon 2005).
In a more formal sense, slime can be said to be a type of mucus, and as such, it is part of
an incredibly varied community of substances, all of which are grouped together due to
the fact that they seem to perform generally similar functions and possess broadly similar
physical and chemical properties.
A mucus, then, is a biological gel substance composed mostly of water where macro-
molecules, commonly glycoproteins, form long-chain polymer structures networked in a
secondary structure through cross-linking, often involving other macromolecules, such as
polysaccharides or other proteins (Novartis Foundation Symposia 2009). This secondary
structure may involve covalent, ionic or hydrophilic/hydrophobic interactions, or a com-
bination of the above, and it is what gives mucus its gel-like properties. Alterations in
the network structure due to oxidation, changes in the ion strength and pH of the en-
vironment, physical stress, or the presence of surfactants may then completely change
the physical properties of mucus without necessarily altering the fundamental chemical
composition of its constituents.
Gastropoda, a large taxonomic class encompassing over 30,000 living species (Bianchi
& Fields 2011) both terrestrial and marine, make extensive use of slime substances, for
locomotion, moisture control, nutrient uptake and protection against the environment, as
well as active self-defense (pawlicki et. al. 2004.). In spite of the common basic structure
shared by all mucus substances, slimes with different functions have different physical and
chemical properties, and therefore must differ in composition, structure or both. Thus,
running slime from land gastropods, the lubricating/adhesive substance upon which they
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move, is not the same substance as that of marine slugs, and both are different to the
slime that coats their soft tissue and helps keep hydric balance, or the one produced by
some species under stress.
It is this last defensive slime, stess slime, a much thicker substance than the one used for
locomotion, that is studied in this project in the case of the land snail Helix aspersa.
The pulmonate land snail Helix aspersa is quite ubiquitous in Europe and the Amer-
ican continent, inhabiting temperate, tropical and even desertic natural habitats, as well
as being intensively reared in captivity for human consumption (Mezquita 2007). Besides
it being considered a delicacy in several European and Asian countries, possessing a re-
markable nutritional content (very low fat and high protein content per weight) (Mezquita
2007), Helix aspersa snails are of value for the skin health industry as a source prime mat-
ter for snail slime products.
The first challenge in understanding the chemical constitution of the slime is indeed
its mucus-like behaviour. As such, the substance is neither homogeneous in its appear-
ance nor in other properties such as its solubility in different media. Likewise, of the vast
collection of components that make up the slime, molecular sizes vary from the extremely
large (in the Mega Dalton range) to the very small (tens to hundreds of Da).
Thus, it is in the spirit of gaining an overall understanding of the stress slime of Helix
aspersa, that many of its general physical and chemical properties have been studied in
this project, making as few assumptions over its nature as possible; while more detailed
experimental techniques were focused on the macromolecular components.
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1.1 Problem formulation
This project is built upon the following Problem Formulation:
What information about the composition of the stress slime from H. aspersa snails is
it possible to elucidate from a variety of chemical analytical procedures centered around
chromatographic separation in the molecular weight (MW) range of 1 to 1000 kDa, with
special focus on polysaccharide-protein complexes?
Furthermore, the following sub question will be addressed to the best of our capacity:
Can the results here obtained lead to a model of the stress slime’s physical properties
and behavior?
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Chapter 2
Theory
2.1 Solubility of a mucus sample
Although not usually considered a test in itself, the step of getting a slime sample into
a useful phase in order to make it take part in analytical procedures can not only be a
challenging task, but also informative if undertaken with attention and structure. Solu-
tions, either in polar or apolar media, are the optimal medium for many procedures in
analytical chemistry, and they certainly are so for the techniques used in this project,
with exception of CHNS organic elemental analysis and some gravimetric calculations.
The solubility of a molecule in a liquid is governed by the balance of the favorable
interactions it can have with the molecules of the surrounding medium, against the en-
ergetic (and entropic) cost of creating a cavity of roughly its size between the medium’s
molecules. The thermodynamic “size” of a molecule, is more related to the energy and
change in entropy required to make space for it among the solvent molecules, than to its
actual size or MW. Thus, both the MW and the number of polar groups and charges on it
capable of interacting with a polar medium, determine its affinity to polar solvents, such
as water (Huque 1989).
In the case of a mucus sample that is comprised mainly of proteins and carbohydrates,
the composition and structure of both are relevant for the solubility of the sample in any
medium. However, the nature of the interactions between the two is relevant as well,
as the complexation of proteins with carbohydrates can either occupy groups that would
otherwise participate in hydrophilic interactions, or add the polar-friendly character of
a polysaccharide or charge-rich protein to an otherwise hydrophobic analyte (Ghosh &
Bandyopadhyay 2012).
Proteins and carbohydrates can interact through covalent bonding (mainly glycosidic
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and N-bonds), but also through non covalent interaction such as electrostatic attraction,
H-bonding, hydrophobicity and steric interactions (Ghosh & Bandyopadhyay 2012). This
way, an otherwise insoluble gel, or mucus, can reveal clues about its nature when coerced
into solution under controlled conditions. For instance, an increase of solvent pH that
causes an increase in solubility can hint at an abundance of deprotonable groups such as
carboxylic acid or sulfate groups, while the opposite would point at groups that protonate
gaining charge under acidic conditions, such as the amino group (figure 2.1) (Ghosh &
Bandyopadhyay 2012). Likewise, solubilization after an increase in the ionic strength of
the solvent can point out at the disruption of ionic interactions between components of
the gel, while the opposite would indicate a predominance of hydrophobic interactions
between them.
Figure 2.1: A schematic of the change in charged and uncharged groups on amino acids
and carbohydrates depending on pH (Ghosh & Bandyopadhyay 2012).
In a more aggressive approach, oxidizing or reducing agents can reveal aspects of
the composition of both carbohydrates and proteins in the sample, as denaturation or
fragmentation, due to reduction of disulfide bonds and chain breakage by oxidation of
reducing monosaccharides, can cause visible changes in solubility.
Of course, there are big limitations to the information obtainable from solubility alone.
One single change can have many simultaneous effects so that a particular condition,
for example high pH, could cause both the deprotonation of aspartic or glutamic acid
residues and alkaline hydrolysis of glycosidic bonds between protein and a hydrophilic
oligosaccharide, superimposing opposite effects. Regardless, solubility and changes in
solubility under different conditions can perhaps provide the missing piece of the puzzle,
or simply serve to plan a better methodology in the preparation of the sample for analysis
in the future.
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2.2 Organic elemental analysis
This section is based on the related chapter in Quantitative Chemical Analysis by Daniel
C. Harris (Harris 2010). Organic elemental analysis is an analytical chemistry technique
that is used to qualify and quantify carbon, hydrogen, nitrogen and sulfur in a sample.
The technique is based on the oxidation of all C, H, N, and S in the sample to CO2, H2O,
N2 and SO2, using high temperature and oxidation catalysts. The elemental analyser thus
consists of an oven containing a column where the sample is oxidized. An autosampler
is typically used for increased precision and convenience. After complete oxidation of the
sample the gaseous products are separated in a gas chromatograph and then quantified
by a thermal conductivity detector.
Before elemental analysis can be performed, the samples have to be weighed accurately
to a sample size of ∼2 mg and packed in tin, so that none of the sample can escape. In
the analyser He-gas, free of CO2, O2 and H2O, is used as the carrier gas. Right before the
sample is dropped into the preheated column, a measured excess of O2 is injected into
the He stream. In the column the sample is rapidly oxidized, facilitated both by an oven
temperature of 1050 ˚C and by the oxidation of the tin capsule to SnO2 which releases
heat to facilitate a rapid combustion and vaporization of the sample and also acts as an
oxidation catalyst. To catalyse the complete combustion of the sample, now in the gas
phase, it is passed through hot WO3. The oxidation of the sample can be written:
CHNS −−→ CO2(g) + H2O(g) + N2(g) + SO2(g) + SO3(g) (2.1)
To get rid of the SO3 and the excess oxygen, the gaseous sample is passed through metallic
Cu, which at a high temperature (now 850 ˚C) reacts with the oxygen to form copper(II)
oxide:
Cu +
1
2
O2 −−→ CuO(s) (2.2)
and reduces SO3 to SO2, also forming copper(II) oxide:
SO3 + Cu −−→ SO2 + CuO(s). (2.3)
Now the sample has been completely oxidized and is led through a gas chromatograph,
which separates the CO2, H2O,N2 and SO2. After separation the gas is led through a
thermal conductivity detector, which compares the thermal conductivity of the column
gas with a reference gas of pure helium. This will lead to a quantification of the amount of
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CO2, H2O, N2 and SO2 in the gas, from which one mole of CO2 and SO2 will correspond
to one mole of C and S in the original sample, respectively, and one mole of H2O and N2
will correspond to two moles of H and N in the original sample, respectively.
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2.3 HPLC/SEC
Chromatography is a group of techniques defined by the separation of molecules based on
their thermodynamical distribution between a stationary phase and a mobile phase. The
choice of the mobile phase determines whether liquid chromatography (LC) or gas chro-
matography (GC) is performed. The choice of the stationary phase then further specifies
the kind of chromatography, for example would the choice of gaseous mobile phase used
with a stationary liquid phase be termed gas-liquid chromatography (GLC), and a liquid
mobile phase with a solid stationary phase would be liquid-solid chromatography (LSC).
In size exclusion chromatography (SEC) a liquid mobile phase is used in combination
with a porous material as a stationary phase, which can be based on a range of materials.
Some commonly used column materials are dextrans, agarose or polyacrylamide-based.
SEC was discovered by Grant Lathe and Colin Ruthven in 1956 where they used starch
to separate proteins by size (Eisenstein 2006). The term gel filtration chromatography
(GFC) is used when the mobile phase is aqueous and the term gel permeation chromatog-
raphy (GPC) is used when the mobile phase is an organic solvent (Berek 2009). These
terms were traditionally used, but since packing material does not necessarily have to be a
gel, and since alternating between using an organic or aqueous mobile phase for the same
packing material is becoming increasingly frequent, these terms have become increasingly
superfluous and SEC, which includes both GFC and GPC, is used instead.
SEC has several uses: 1) Fractionation of a sample for further use; 2) An alternative to
dialysis for desalting and buffer exchange; 3) MW estimation; 4) Molecular association
constant estimation. In this project SEC is predominantly used for 1.
Unlike other LC techniques that have a separation dominated by enthalpy change, ∆H◦
SEC is based on an entropic separation mechanism, where molecules are separated by
“size” (hydrodynamic volume, Vh). The hydrodynamic volume of a molecule is the vol-
ume of the molecule and the water that is associated with it, and is determined by its
molar mass, configuration and conformation (Barth & Saunders 2012). Hydrodynamic
volume is proportional to the molar mass, M, with the intrinsic viscosity, [η], as the pro-
portionality constant: M [η] = Vh. Since the intrinsic viscosity depends on the molecular
configuration and conformation, the relationship between hydrodynamic volume and mo-
lar mass is not the same for all polymers, and thus molecules cannot be exactly separated
by molar mass, unless the intrinsic viscosity is known for the polymer of interest.
When determining the molar mass of a sample with SEC, calibration curves, based on a
range of standards, are used. The less precise calibration curve is the peak-position cali-
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bration, where a calibration curve is made from different known molar masses of a certain
type of polymer, e.g. dextrans as used in this project (figure 2.2). Here the molar masses
of the standards are correlated with their retention volume and plotted as log(M) against
VR to give a sigmoidal calibration curve, where the linear range of the curve corresponds
to the range that the packing material of the column is able to separate. Here, the in-
trinsic viscosity is not included and for this reason the calibration curve will only predict
the molar mass of a molecule precisely when the configuration and conformation of the
molecule are very similar to those of the standards used. When the molecule is very dif-
ferent from the standard, e.g. by having a spherical conformation when the standard has
a random coil conformation, the prediction of molar mass may be very imprecise. If [η] is
known for both analyte and standards, a universal calibration curve can be made instead.
By plotting log([η]M) against VR, the structural differences of molecules are taken into
account by the intrinsic viscosity, and thus molecules with very different configurations
and conformations can be compared.
The separation of a molecule in HPLC/SEC is based on the partitioning coefficient, Kt,
between the mobile and the stationary phase for that molecule which can be expressed as:
Kt = e
−∆H◦
RT · e∆S
◦
T =
c1
c2
(2.4)
where ∆H˚ is the enthalpy change when a solute absorbs, adsorbs or partitions into the
stationary phase of the column, ∆S˚ is the entropy of the change of conformation when
a solute enters the mobile phase inside the porous stationary phase, and c1 and c2 are the
concentrations of the solute in the two phases. If, ideally, the eluent, stationary phase
and temperature in SEC are chosen to reduce ∆H˚ to zero, the partitioning coefficient
becomes:
Kt = e
∆S◦
T =
c1
c2
(2.5)
and thus SEC is an entropically driven separation process. From this it can also be seen
that SEC, in contrast to other LC methods that are enthalpy driven, is largely inde-
pendent of temperature, which is supported by experimental observations (Striegel et al.
2009). Since Kt is relating to ideal conditions, an experimental partitioning coefficient
KSEC is used instead:
Kt = e
−∆H◦
RT · e∆S
◦
T ≈ KSEC = e∆S
◦
T =
< c >i
< c >o
(2.6)
where < c >i is the average concentration of the molecule in the mobile phase inside the
pores of the stationary phase, and < c >o is the concentration in the interstices between
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the particles of the stationary phase (IUPAC: the column). When molecules are small
enough compared to the pores of the stationary phase, the change in conformational en-
tropy ∆S˚ of the molecule by entering the stagnant mobile phase inside the pores of the
stationary phase is zero. Thus the molecule can freely diffuse between the two phases
and KSEC = 1. As the molecular size increases compared to the pore size, ∆S˚ will
decrease and KSEC will also decrease and approach zero. Molecules with a KSEC = 1
will elute at a retention volume, VR, equal to the total volume (Vt) of the column, and
as KSEC decreases the VR of the molecules will approach the void volume (V0) of the
column, which is the volume where the completely unretained molecules (KSEC = 0) are
eluted. The total volume is given by the sum of the volume of solvent flowing outside
of the pores in the packing material (the void volume), and the volume of the stagnant
solvent in the pores of the packing material, the internal pore volume (Vi): Vt = V0 + Vi
. The retention volume (VR) of a molecule can thus be calculated as the volume that
is accessible to the specific molecule, which is V0 (equally accessible for every molecule)
plus the fraction of the internal pore volume that is accessible to the molecule, based on
its KSEC : VR = V0 + KSECVi . This approximates that there are no significant enthalpy
effects on VR, which can be attempted by using inert column packings and solvents of
sufficiently high ionic strength to interfere with potential ionic effects between molecules
in solution and the packing material of the column.
The range of molecular sizes that the column can separate is that which results in a
∆S˚ that gives 0 < KSEC < 1, where KSEC is not too close to either zero or one. This
range corresponds to the linear range of a calibration curve, a plot of log(M) or log([η]M)
against relative volume (VR/Vt), whereas a KSEC too close to 0 or 1 corresponds the the
nonlinear range of the calibration curve. The range can thus be adjusted by adjusting the
pore size of the stationary phase, and since the eluent molecule is always much smaller
than the pore size, the eluent always comes out at the total volume and can be used to
determine this.
Superoseis a stationary phase used for SEC and produced by GE Healthcare Life
Sciences. It is a medium, based on cross-linked agarose, which is recommended for the
separation of biomolecules, and can be used in high performance columns (HPLC). The
Superose medium comes in two variants with different pore sizes, Superose 6 and Superose
12. Superose 6 has the largest average pore size, and thus has the higher range of the
two, spanning from 5–5000 kDa, while the range of Superose 12 spans from 1–300 kDa
(GE Healthcare: Superose).The Superose 12 media withstands 3 MPa of pressure over the
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column, a higher pressure than the Superose 6 medium, which withstands up to 1.5 MPa.
This also leads to the recommended flow rate, which is 0.1–0.5 ml/min for Superose 6
and 0.5–1 ml/min for Superose 12, though varying viscosities can change pressure needed
for a certain flow rate and thus staying within the recommended pressure is imperative.
For daily use the pH inside the column should be kept between 3 and 12, while solutions
between pH 1 and 14 can be used for cleaning or short-term use.
Figure 2.2: Universal calibration curve with Pharmacosmos Dextran Standards and Pul-
lulan Standards (Parmacosmos 1995)
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2.4 Freeze drying.
Figure 2.3: phase diagram of water (Atkins
& Paula 2010)
In the process of freeze drying, a
solvent is evaporated from a mix-
ture while circumventing the liq-
uid state. As seen in the phase
diagram of water (figure 2.3) all
three phases are accessible at at-
mospheric pressure, although at dif-
ferent temperatures. Lowering the
pressure below that of the triple
point will exclude the liquid state,
thus making the phase transition
directly from solid to gas possi-
ble in a process known as subli-
mation.(Halliday, Resnik & Walker
2003)
In practise freeze drying is carried
out in several steps, at first the mix-
ture is frozen and cooled to a temperature between 195 K and 220 K (−80 ◦C to −50 ◦C).
In this step it is important to maximize the surface area of the sample in order to facil-
itate sublimation. In the next step the mixture is placed under continuous vacuum at a
pressure low enough for the Gibbs free energy of the solvent to be lowest in its gaseous
state and thus sublimate.
The freeze drying process has several advantages compared to simply boiling the mix-
ture, or using a rotary evaporator, mainly because of the comparably low temperatures.
This reduces the loss of volatile organic compounds with low boiling points, and keeps
proteins from denaturing.
2.5 Acidification
This section is based on the related chapter in General Chemistry: The Essential concepts
7th ed. by Chang & Goldsby (2014).
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During several of the procedures in this project, it was noticed that the pH of the samples
was unexpectedly low compared to the solvent used (commonly 10 and 100 mM NaOH).
To the degree that pH in Polish farmed slime (PS) after a few weeks from obtention was
near 7. While acidification can occur for a number of different reasons, four mechanisms
are considered likely here.
The first is the presence of acidic components in the samples, for example sulfate,
phosphate and carboxyl groups on acidic carbohydrates and peptides. Protons originat-
ing in these groups would rapidly lower the pH of the solution if present in large enough
quantities. This scenario, however, is not considered further, since acidification occurred
slowly instead, and didn’t become immediately apparent.
A second, more likely mechanism involves the sample as well, but occurs in a slower
fashion, and depends actually on the presence of a base in the solution: alkaline hydrol-
ysis. Alkaline hydrolysis can break amide (peptide), ester (fatty) and ether (glycosidic)
bonds through nucleophilic reactions, in which the hydroxide ion is spent as the nucle-
ophilic reagent.
A third mechanism for acidification is the formation of carbonic acid from atmospheric
carbon dioxide. While the contact between the sample and the outside air can be reduced,
it is nigh unavoidable as solubilization of slime involves a good deal of shaking and mixing
for extended periods (up to 24 hours) and sample extraction for testing involved constant
opening of the containing flasks.
Acidification through this process involves several equilibria, starting with the solubiliza-
tion of carbon dioxide in the watery solution, the reaction of CO2 with water to form
carbonic acid, dissociation of carbonic acid into carbonate ions and protons, and the
neutralization between the carbonic acid’s protons and the solution’s hydroxide ions.
CO2(g) −−⇀↽− CO2(aq) (2.7)
CO2(aq) + H2O(l) −−⇀↽− H2CO3(aq) (2.8)
H2CO3(aq) −−⇀↽− H+(aq) + HCO−3 (aq) −−⇀↽− 2 H+(aq) + CO2−3 (aq) (2.9)
H+(aq) + OH−(aq) −−→ H2O(l) (2.10)
Bacteria in the sample can as well cause a change in pH, and this is considered the fourth
possible mechanism in acidification. Bacteria can be responsible for acidification in a
number of ways; chiefly the anaerobic production of CO2 (and the consecutive formation
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of carbonic acid) and lactic acid, followed by neutralization of OH– ions.
Bacterial growth can be considered a real possibility since neither instruments nor pro-
cedures were kept within sterile protocols. All procedures, from preparation to testing,
involved chemicals and conditions (pH, pressure, temperature) thought to be beyond life’s
capacity to survive.
19
2.6 Gel electrophoresis.
Figure 2.4: Standard curve for gel elec-
trophoresis, showing the linear range of the
sigmoidal.
Gel electrophoresis is a separation
technique, wherein biological macro-
molecules are separated in accordance
with their electrophoretic mobility.
This is done by applying an electric
field in/around the gel. The molecules
are then drawn towards the charge op-
posite of their own, with a terminal ve-
locity (v) proportional to their charge
and inversely proportional to the base
10 logarithm of their MW. Plotting this
against their relative mobility, being
the distance to the band divided by the
distance to the front dye, yields a stan-
dard curve with a linear range as shown
in figure 2.4. At the local extremes the
standard curve is sigmoidal, while at
the beginning of the curve MWs are so
high that molecules in practice are unable to sufficiently penetrate the polymer matrix. At
the other end of the sigmoidal, very low MW compounds are able to migrate through the
polymer matrix with almost no interaction making the sieving effect negligible.(Hames &
Rickwood 1981)
Since the Reynolds number of the system is very small, we can assume terminal velocity
is reached instantaneously, and any movement done while not at terminal velocity, is
infinitesimal and negligible. The precise magnitude of the terminal velocity is not of
significant importance since gel electrophoresis is used almost exclusively as a qualitative
test by comparison of relative mobilities.
2.6.1 The gel
There are two different common types of gels: agarose and polyacrylamide. Agarose is a
large linear chain biopolymer that consists of polysaccharides in a supercoiled structure,
acting like a molecular sieve with a pore size inversely proportional to the agarose con-
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centration in the gel. Compared with other types of gels agarose is easy to handle, sets
fast, has a low gelling and melting temperature and can achieve high gel strength at a
concentration down to 0.15%, but can exhibit larger variation in pore size. Agarose gel is
best suited for the separation of larger molecules and is non-toxic unless a stain is used.
The other type of gel is polyacrylamide, used in SDS-PAGE (Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis), which is made by crosslinking acrylamide with bis-
acrylamide producing a molecular sieve with a pore size depending on cross link concen-
tration, but with a more uniform pore size distribution across the gel than agarose. Be-
cause polyacrylamide is a thermoset polymer it can not be melted as opposed to agarose,
but must be dissolved chemically if further analysis of the separated fractions is to be
performed. Polyacrylamide gel has a higher thermal conductance, which enables it to
dissipate heat faster compared to agarose making it possible to run the gel at higher
field strengths. Polyacrylamide gel is better suited for the separation of smaller molecules
compared to agarose, but must be handled while wearing disposable gloves because of its
neurotoxicity.
Protein preparation.
Before running SDS-PAGE, proteins needs to be unfolded. This is done by interaction
with SDS a common anionic surfactant used in household detergents. SDS denatures
proteins by disrupting the noncovalent interactions that holds the tertiary and quaternary
structure together, thereby unfolding the proteins in such a way that they attain a linear
chain structure. In this way proteins will travel at a velocity inversely proportional to
their size, regardless of their original structure. However, this movement is only possible
because SDS gives the protein a negative charge in proportion to the amount of SDS
bound by the protein. This charge is much greater than the original charge of the protein,
but may differ if the compound in question contains sections at which the SDS can not
interact.
2.6.2 Running the gel
While, agarose gel electrophoresis is generally run horizontally, SDS-PAGE usually is run
vertically, the gel is placed in a vat and a buffer is applied at the anode and cathode
end and of the vat in order to make electrical conductivity possible and stabilize the
21
pH, a power supply is then used to apply an electrical field across the gel, with a field
strength usually between 100V to 400V, a lower field strength will give greater resolution
but required more time.
2.7 Periodic Acid - Schiff’s reagent (PAS) assay and
gel stain
Detecting and quantifying carbohydrates, glycoproteins and proteoglycans is a task often
performed through colorimetric assays. More so than for protein due greatly to the lack
of absorbance in the UV region by carbohydrates and glycolipids, and the usually low
number of aromatic amino acids present in mucins and mucoproteins (Kilcoyne, et al.
2011).
Therefore, a reliable colorimetric carbohydrate assay that can be performed easily and
uses inexpensive reagents has great value for the study of protein-carbohydrate conju-
gates such as mucus and slime. Existing colorimetric techniques include the Molisch
test (cleavage and dehydration with concentrated sulfuric acid and coloring reaction with
alpha-naphthol) and the Morgan-Elson method (cleavage of glycosaminoglycans by bo-
rate and tetraborate in high temperatures, followed by reaction of the resulting reducing
ends with DMAB). Of these assays, however, Molisch’s test involves concentrated acid as
reagent, and it occurs in a two-phase system that is difficult to load into a spectropho-
tometer, while the Morgan-Elson assay is highly specific to glycosaminoglycans (GAGs).
Furthermore, proteins and nucleic acids can interfere with the aforementioned assays,
making them impractical for mucus samples (Kilcoyne, et al. 2011).
As an alternative, the periodic acid-Schiff’s reagent carbohydrate test, originally a
histological tool used extensively in medicine to stain the sugar-rich regions of cells and
tissue, is much more carbohydrate-specific. It is easily adapted as a quantitative colori-
metric assay and involves easily attainable, inexpensive reagents and reaction conditions,
while remaining sufficiently sensitive (Kilcoyne, et al. 2011).
The periodic acid-Schiff’s reagent (PAS) assay relies upon the selective oxidation of
vicinal diols, common in both hexoses and pentoses, into aldehydes by periodic acid
and is as such highly specific to sugars. The coloring agent, Schiff’s reagent, consists of
the polyaromatic molecule fuchsin decolorized by the addition of a sulfite group. Upon
contact with the proper configuration of aldehydes resulting from periodate oxidation,
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fuchsin forms a Schiff’s base with the aldehyde and sheds the sulfite group, returning to
a colored form with an intense fuchsia hue (figure 2.5).
(a) periodic acid (b) fuchsin (c) fuchsin sulfite
Figure 2.5: From left to right: periodic acid, fuchsin and colorless fuchsin sulfite
The oxidation depends greatly on the availability of vicinal diols, as otherwise pe-
riodic acid will not participate in the oxidation reaction necessary to form the desired
dialdehyde. Groups other than hydroxyl located in adjacent carbons of a sugar can also
be reactive, though they are very uncommon in most neutral sugars. Another important
advantage of periodic acid as an oxidizing agent of sugars is that the reaction products
will not be subsequently oxidized into carboxylic groups, as it would happen with other
oxidizing agents if added in excess, because Schiff’s reagent won’t bind to carboxyl groups
(Kirkeby 1992).
However, sugars with three consecutive hydroxyl groups can be subject to a second step
of oxidation with periodic acid. Thus, carbohydrates that contain sugar units with three
consecutive hydroxyl groups (like glucose, dextran and iduronic acid, for example) as well
as a vicinal diol neighbouring another periodate-reactive group, will have a diminished
color signature than they otherwise would if all the oxidation products formed colored
bases with Schiff’s reagent (Kilcoyne et al. 2011) . This means that, without a priori
knowledge of the sugar in question, quantification using external standards (the simplest
and most common approach in colorimetry and spectrophotometry) becomes unfeasible
without admitting to dangerously broad assumptions about the nature of the sample.
Another weakness of the PAS assay for quantification of carbohydrates when used in
combination with other techniques, or when the sample is difficult to get into solution, is
its proclivity to cause precipitation if the oxidation with periodate is left for too long, or
occurs at too high a temperature, or too high a concentration of periodate is used. The
23
production of a precipitate, of course, impedes the proper use of a spectrophotometric
measurement (Kirkeby 1992).
Another important thing to take into account regarding solutions of protein-carbohydrate
complexes, PAS shows a strong reactivity to ionic surfactants such as SDS, which is of-
ten used to bring reluctant proteins into solution, as well as being an essential part of
SDS-PAGE experiments (Kirkeby 1992). In this context, granted all SDS has been re-
moved, PAS can be very useful as a visualization of glycoproteins in gel electrophoresis,
since the carbohydrate moieties can obstruct the binding of Coomassie to the protein
backbone (see section 2.9). For PAS to work as a staining method, then, all SDS must
have previously been washed away before the oxidation step, be it through a previous
staining and thorough destaining cycle (with Coomassie Brilliant Blue, for instance) or
by rinsing with a fixing agent (Fairbanks et al. 1971). This process, however, removes
carbohydrates that are soluble in either SDS solutions, the stain/destain solutions or the
rinsing agent, leaving behind only the precipitated glycoproteins and lipids or glycolipids,
if any are present, for PAS to stain (Fairbanks et. al 1971).
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2.8 UV Spectrophotometric protein assay
Figure 2.6: Absorption spectrum for the
amino acids tryptophan and tyrosine, show-
ing highest absorbance at 280 nm (Nelson &
cox 2013)
When the amount of protein in a sam-
ple needs to be quantified, different as-
says can be used. One method avail-
able is spectrophotometric measure-
ment of the sample in the UV range.
The aromatic amino acids tryptophan
and tyrosine, and to a smaller extent
phenylalanine, absorb light in the UV
range due to electronic transitions of
their aromatic side chains. For trypto-
phan the indole side chain is the chro-
mophore (Albinsson and Norde´n 1992).
The attenuation coefficient of pheny-
lalanine is very low compared to that of
tyrosine and tryptophan, and for this
reason it has little effect on the total
absorbance of a protein. Since tryp-
tophan has an absorbance maximum
at 280 nm and has four times the ab-
sorbance of tyrosine and 28 times the absorbance of phenylalanine (Biotek 2003), it dom-
inates the spectra for proteins and thus spectrophotometric measurements of proteins are
performed at 280 nm. The absorbance spectra of tryptophan and tyrosine are shown in
figure 2.6.
When using spectrophotometric methods, turbidity of the measured sample can dis-
turb the measurements due to light scattering by the particles in suspension (Noble and
Bailey 2009). It is therefore important to compare the absorption at 280 nm with that
between 320–350 nm, where light scattering by particles in suspension results in measured
absorbance. A low absorbance at 320–350 nm is an indication that light scattering by
particles is not interfering with measurements, whereas a high absorbance in this range
can indicate turbidity of the sample or other compounds in solution that absorb in this
range.
Nucleotide bases also absorb light in the UV range, due to resonance caused by the conju-
25
gation of purines and pyrimidines (Nelson & Cox 2013, p. 278). These have an absorption
maxima at 260 nm, but with considerable overlap at 280 nm, and so if the sample of in-
terest contains nucleic acids it is important when interpreting results to consider the ratio
of absorption at 280 nm to 260 nm, which should be around 2.0 for a pure protein sample
(Noble and Bailey 2009).
Since tryptophan and tyrosine are largely responsible for the absorption of protein
at 280 nm, it is important to consider the amino acid composition of the protein being
measured. Absorbance is mostly proportional to the number of these amino acids in the
protein, and so a protein containing few of these will show a lower absorbance per weight
of protein than a protein containing more. Therefore the concentration of protein cannot
be inferred directly from the absorbance, unless the attenuation coefficient for the protein
is known (Noble and Bailey 2009). The attenuation coefficient, , describes how much the
sample absorbs or scatters light, and is usually given in the unit of L mol−1cm−1 In the
case of measuring the absorbance protein, 280 describes how much a specific protein ab-
sorbs at 280 nm, which depends on the number of tryptophans, tyrosines, phenylalanines
and the conformation of the protein. When the attenuation coefficient is not known for the
protein in the sample, it is not possible to accurately determine the concentration of pro-
tein in the solution, since the amount of the aromatic amino acids can vary greatly. Hugli
and Moore (1972) determined the tryptophan content of 11 different purified proteins and
found that it varied from 0 to 8 tryptophans per protein molecule, which would lead to
a great difference in attenuation at 280 nm by the different proteins. Even though the
method without the attenuation coefficient cannot determine the correct concentration
of protein in the sample, it can be used to get a rough idea that can, at least qualita-
tively, confirm the presence of protein in a sample and possibly be used to for comparison.
2.9 Bradford assay and Coomassie Bright Blue gel
stain
Dye-based colorimetric, or spectrophotometric, protein assays are a common resource for
quantitation of protein in aqueous samples due to their speed, simplicity and low cost.
Among the variety of existing assays, the most common absorbance-based colorimetric
methods available are the Bradford assay (Coomassie Brilliant Blue G-250 stabilized by
protein), and variations on the biuret reaction (reduction of Cu2+ and Cu+ ions with a
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subsequent color-forming agent) like the bicinchoninic acid assay (BCA) (Noble & Bailey
2009).
The Bradford assay relies on the stabilization of the blue-colored anionic form of the
Coomassie Brilliant Blue G-250 dye upon forming a complex with protein in acidic solu-
tion, as opposed to the greenish-reddish hue it possesses when free due to the coexistence
of the blue (deprotonated), red (doubly protonated) and green (singly protonated) forms
of the dye (Georgiou et al. 2008). This change is observed as a shift in the absorption
maxima of the dye solution from 465 nm to 595 nm, which can be measured spectropho-
tometrically, and is proportional to the concentration of protein in the sample (Noble &
Bailey 2009).
Figure 2.7: The Coomassie Brilliant Blue G-250 molecule in its three ionic stages.
(Coomassie Brilliant Blue G-250 2014)
The Bradford assay possesses several advantages over other assays like BCA in that
it is unreactive to free carbohydrates (up to 10% sucrose). It is also compatible with
reducing agents (up to 1M for DTT), denaturants (up to 3.5M for guanidine hydrochlo-
ride), detergents like SDS and most other ionic nonionic surfactants (in low concentrations
only).
Besides this, the Bradford assay is also inexpensive and easy to perform (Noble & Bailey
2009).
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The mechanism in which Coomassie binds to protein, however, is not fully under-
stood yet (Noble & Bailey 2009). Research has shown that heteropolar interactions with
the basic amino acids arginine, lysine and histidine seem to dominate the binding of the
anionic form of the dye. A way to explain this is through the neutralization of one of
the two negatively-charged sulfonic groups on the dye molecule by the positively charged
guanidino group on arginine, the amino group on lysine or the imidazole amino group of
histidine (Georgiou et al. 2009).
On the other hand, hydrophobic interactions between the aromatic regions of tryptophan
and phenylalanine would become important in the binding of the neutral (singly proto-
nated) form of the dye, parallel to the binding resulting from the neutralization of its
single negatively charged sulfonic group. Thus, the binding of the neutral form is likely to
be more stable than that of the anionic form (Georgiou et al. 2008). These interactions
are illustrated in figure 2.8
Furthermore, proteins bind with as many Coomassie molecules as they can (Georgiou et
al. 2009); thus the signal produced by any molar concentration of protein in solution
depends greatly on its molecular size, and on the number of participative amino acids in
its primary structure.
Finally, the cationic (doubly protonated) form of Coomassie does not appear to partici-
pate in any of these processes, and since the proportion of all three different forms of the
dye in a protein-free solution depends greatly on pH (Georgiou et al. 2009), so does the
strength of the signal upon contact with protein.
All of these results imply that the Bradford assay for quantitation of protein must be
performed in controlled pH and ionic strength conditions, and that the proteins used as
references or standards be as similar as possible to the protein that is to be quantified.
Without knowledge of at least the amino acid composition in the protein to be analyzed
with this assay, quantification becomes next to meaningless. Therefore, only relative mea-
surements between samples can be performed if they can be counted on to have the same
amino acid composition.
Besides this, research on human erythrocyte membrane using SDS-PAGE (Fairbanks et
al. 1971), has shown that carbohydrates complexed with proteins, as in a glycoprotein,
can interfere with the binding of coomassie to the protein regions, and reduce or nullify
color formation.
As just mentioned, binding of Coomassie is not only used for the Bradford assay. In-
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Figure 2.8: Interaction of protein with Coomassie’s anionic (a), neutral (b) and cationic
(c) forms.(Georgiou et al. 2008)
deed, Coomassie Brilliant Blue G-250 is one of the most common protein stain methods
used in gel electrophoresis. The principle of dye-protein binding remains the same here,
although when used as a staining technique, the reduced solubility of dye bound to pre-
cipitated protein in methanol compared to that of free dye plays a fundamental role in
the destaining of the protein-free polyacrylamide gel and the formation of a stain pattern.
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Chapter 3
Materials and methods
3.1 Sample collection and preparation
The main batch of samples was collected from 8 snails of the species Helix aspersa Maxima,
caught in Frederikssund, Denmark. The snails were kept in a plastic container in a
climate room at 18 ◦C with 16 hours of simulated daylight and fed lettuce, spinach,
and oxheart cabbage ad libitum. Before sample collection each snail was gently washed in
demineralized water. Sample collection was performed by scraping the snail at and around
the foot until it retracted into its shell and produced a thicker slime. These samples are
identified with the acronym FS (Fresh Slime). The slime was collected into a glass jar,
removing any feces before suspending 10.545 g of it in 21.00 g of 10 mM NaOH. The
mixture was turned over night at 19 rpm at room temperature (20.5 ◦C) to get as much
slime into solution as possible. Afterwards the suspension was centrifuged in a Sigma
3-18K at 4248 G (RCF), and 29.272 g of supernatant (identified as FS1.1) and 1.377 g
of precipitate was obtained (identified as FS1.2). The supernatant was filtered through a
0.2 µm nylon filter of Ø25 mm to remove any particulate matter still in suspension (this
sample is identified by the acronym fFS1.1: filtered Fresh Slime 1.1). All samples were
stored at 5 ◦C unless stated otherwise. A second batch of slime for analysis was obtained
from a snail farm in Poland, and arrived already partially dissolved in 0.1M NaOH stored
in a PET bottle with a common polypropylene cap. This batch was wrapped in tin-foil
and stored at 5 ◦C. Samples from this batch are identified with the acronym PS (Poland
Slime), and fPS (filtered Poland Slime) when filtered through a 0.2 µm nylon filter. After
some weeks of work, when the presence of bacteria was confirmed (see chapter 4.10), 500
µL of 10% w/w sodium azide (NaN3) were added to a 50 mL portion of the PS batch.
This portion is identified as sterile-fPS. Further work with fFS1.1 was, on the other hand,
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done after an extra filtration with the same 0.2 µm filters to separate living and inactive
bacteria from the analyte. These portions are identified as ffFS1.1 (double-filtered Fresh
Slime 1.1).
3.2 Solubility tests
To test the behavior of clean snail slime in different solvents, a batch of freeze-dried slime
was used. This batch was produced in 2014, through freeze-drying slime samples from
the same Polish farm that produced PS, for a previous student project at RUC (Hansen,
Billeskov & Paustian 2014). Fourteen 0.5 mg portions, each a few cubic millimeters in
volume due to the material’s very low density, were placed in 2 mL glass bottles and
1 mL of test solvent was added to each. The bottles were then capped, shaken gently
and placed in a rack inside a fume hood. Seven different solvents were tested: methanol
100%, NaOH 0.1M, NaCl 0.5M, acetic acid 10% in water, milli-Q water, SDS 0.1M, and
1-octanol. Each was tested both with and without a reducing agent (dithiothreitol, DTT),
giving a total of fourteen conditions. Solubility was checked visually after 1, 24, 48 and
72 hours, and assigned one out of four values: unaffected, swollen, partially dissolved and
fully dissolved. The results from these tests led to the choice of 10 mM NaOH as a solvent
for all FS samples.
3.3 Water content determination and organic elemen-
tal CHNS analysis preparation
Three supplementary slime samples were collected using the method described above
from the same batch of live H. aspersa specimens, to be used in the determination of
water content and preparation for CHNS organic elemental analysis, since these tests are
destructive. Between 3 and 4 snails, selected randomly, were used for obtaining each
supplementary sample. The collected slime was placed in pre-weighed 16mL glass bottles
using metal spatulas, weighed again, and oven-dried. The first of the supplementary
samples was dried for 24 hrs at 105◦C in an oven without ventilation, then weighed again,
capped and sealed with parafilm to await for CHNS analysis. The second sample was
oven dried for five days at 105◦C in an oven without ventilation, taken out at the 24,
48, and 5-day marks for weighing, and immediately placed again in the oven, except for
the 5-day mark, after which it was placed in a vacuum oven at a pressure of 80 mbar
and a temperature of 85◦C for ca. 24 hrs, after which it was immediately capped and
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sealed with parafilm to await for CHNS analysis. A small portion of FS1.2 was also
prepared in this fashion for elemental analysis; placed in a small 1 mL HPLC sample
flask, dried in an unventilated oven for 72hrs at 105◦C and then for 24hrs in a vacuum
oven at 85◦C and 80 mbar, then immediately capped and sealed with parafilm. The
supplementary samples, once dry, were kept capped and sealed at room temperature in a
fume hood until they could be delivered for elemental analysis, where they were kept in
a desiccator bell until preparation and testing took place. The first of them was tested
without sulfur determination and repeated four times. All other samples were to be tested
with appropriate protocols for sulfur determination. Due to scheduling problems, however,
neither the second supplementary FS sample (with precise sulphur measurement), nor the
supplementary FS1.2 sample were analyzed.
3.4 HPLC/SEC separation and fraction collection
For size exclusion chromatography, a Knauer HPLC pump 64 was used with a Knauer
Differential-Refractometer and chromatograms were produced with a Kipp & Zonen BD41
printer. The liquid part of the sample was fractionated on a Superose 6 column (7.5 mm
internal diameter, 30.0 cm length), at 0.2 mL/min using 10mM NaOH as eluent, into six
different fractions and collected according to fig. 3.1. Fraction 1 and 2 (highest molecular
size, near void volume) were run on a G6000PW column (7.5 mm internal diameter, 30.0
cm length) under same conditions, for further separation.
Calibration and exploratory HPLC runs were made with a 50 µL injection loop, with
focus on retention volume reading and approximate MW determination. For fraction
separation and collection, the loop size was increased to 200 µL. To reduce the risk of
cross contaminating, ten fFs1.1/ffFs1.1 injections of 200 µL where collected in two batches
of five (1-5 and 6-10) for each. All collected samples were immediately capped tight and
stored at 5 ◦C.
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Figure 3.1: Diagram used for the chromatographic fractionation of fFS1.1/ffFS1.1 in the
Superose HR 6 column.
3.5 UV Spectrophotometric protein measurement
Protein solutions were measured with UV-spectrophotometry, using a NanoDrop ND-
1000 Spectrophotometer. 2 µL of sample was used for each measurement and 10 mM
NaOH was used as control. The absorption of each sample was measured at 280 nm, the
peak absorption wavelength of the aromatic proteins, and this was compared with the
absorption above 310 nm. No significant absorption was seen in this range. Since nucleic
acids were not expected in significant concentrations in the samples, the measurements
were not compared to the absorption at 260 nm. Full UV spectra were obtained for
ffFS1.1 to to confirm the presence of protein. The measurements were also compared to
a range of BSA standards.
3.6 Bradford assay
A bradford assay was made to both qualify proteins present in the different fractions of
the slime and to estimate the amount of protein in each. First the bradford reagent, was
made by adding 85 g milli-Q water to a 100 mL lidded flask followed by 3.9 g 99.85%
HPLC-grade methanol from Chem Solute and 16.8 g phosphoric acid 80%. Then, 0,0051g
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electrophoresis-grade Coomassie Brilliant Blue G-250 from Merck was dissolved in the
mixture. Afterwards the mixture was filtered using a glass funnel and a Marktell 3W
Ø100 mm filter paper, both previously washed in 50% methanol in milli-Q water. The
Bradford reagent was kept in the fridge at 5 ◦C.
Eight standards of 1 mL were made from a stock solution of 0.98 mg/mL serum albumin
diluted in milli-Q water to concentrations ranging from 5 to 100 µg/mL (see section 4.7),
and a blank with only milli-Q water. 30µL of each standard were mixed with 1.5 mL
Bradford reagent in 9 eppendorf tubes, one standard in each, and were left to incubate at
room temperature for 40 minutes. After 40 minutes 100 µL of each incubated standard
was added to a clear bottom microtiter plate in dublicate. The absorbance was measured
at 595 nm with a Molecular DevicesSpectraMax i3 spectrophotometer.
To detect protein in ffFS1.1 and in the fractions obtained by SEC from fFS1.1, 30 µL
of each of the samples were mixed with 1.5 mL Bradford reagent, same as the standards.
Fractions from run #1-5 og #6-10 were mixed separately so that 12 fraction samples
were made. Along with the fractions, samples with ffFS1.1, fPS, 10mM NaOH and milli-Q
water were made the same way. All the samples were left to incubate at room temperature
for 40 minutes. 100 µL from each sample was added into two wells of the same, rinsed
microtiter plate as used for the standard, corresponding to two repetitions of each sample.
On the same plate was placed 100 µL of each fraction, ffFS1.1, fPS, 10 mM NaOH and
milli-Q water without bradford reagent. The absorbance was measured at 595 nm.
3.6.1 Running SDS-PAGE
Two NuPAGE Bis-Tris 4-12% mini gels, were run in a NuPAGE XCell surelock mini-cell
vat connected to a Biorad power pac 300 at a constant voltage of 200 V for 45 minutes.
The gels were then stained with Coomassie (Coomassie 2012). Samples were prepared by
adding 2.5 µL NuPAGE LDS buffer (4X) and heating to 70 ◦C for 10 minutes. 50 mL
20X NuPAGE MES running buffer in 950 mL Milli-Q water was used as a buffer.
3.7 PAS and PAS gel staining
To perform periodic acid-Schiff’s reagent assays and gel stains, solid 99.0% periodic acid
and microscopy-grade Schiff’s reagent (already mixed) were obtained from Sigma Aldrich.
The solid periodic acid was kept unrefrigerated in the dark inside the laboratory’s reagent
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Table 3.1: A map of the whells of the SDS-PAGE gel
fr. = fraction; SL=short ladder; BL = big ladder.
Well 1 2 3 4 5 6
Type SL PS ffFs1.1 fr. 1 fr. 2 fr. 3
Amount 10 µL 20 µL 15 µL 15 µL 15 µL 15 µL
Well 7 8 9 10 11 12
Type fr. 4 fr. 5 fr. 6 SL 1.2 BL
Amount 15 µL 15 µL 15 µL 10 µL 15 µL 5 µL
rack. A portion 15 mL of Schiff’s reagent were taken from the original flask for use in
the assays and stored in a small capped glass bottle wrapped in aluminium foil. Both the
original flask and the smaller portion were stored in the dark at 5 ◦C.
Kilcoyne (2011) describes a microtiter method for spectrophotometric carbohydrate
quantitation using PAS, which employs 0.06% periodic acid in 7% acetic acid as an op-
timal oxidation medium. This method was adapted for use with our samples and clear
bottom spectrophotometer plates of 100 µL per well.
With a MW for periodic acid of 227.94 g/mol (Sigma Aldrich 2015), and assuming
that percentage concentrations are w/w and a density of 7% acetic acid equal to that of
pure water, the periodic concentration translates to a molar concentration in the following
manner:
100% · (n · 227.94)
1000g/L
= 0.06%n =
0.06%
100%
· 1000g/L
227.94g/mol
= 0.00263mol/L (3.1)
Thus, the 0.06% w/w periodic acid described by Kilcoyne corresponds to 2.63mM.
A stock solution of 260 mM periodic acid was thus prepared by mixing 0.298 g of
periodic acid with 5 mL of 7% w/w acetic acid, in turn prepared by mixing 8.75 g 80%
acetic acid with Milli-Q water up to 100 g. A working solution of 2.6 mM periodic acid
was prepared by 1:100 dilution of the stock solution, i.e. 100 µL stock diluted in 9.9 mL
for a 10 mL portion. The stock and working solutions were kept in the dark inside a
refrigerator at 5◦C when not in use. Before performing the assay, samples and reagents
were placed inside the fume hood for ca. 5 minutes to allow them to approach room
temperature. The procedure itself follows closely the final optimized microplate periodic
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acid/Schiff’s reagent assay described by Kilcoyne (2011): 25 µL of sample are placed in a
1.5 mL regular plastic (non-’lo-bind’) Eppendorf tube, to which 120 µL of periodic acid
working solution is added. Mixing occurs solely due to pipette action. The E-tube is
lidded and placed inside an oven set at a constant temperature of 37 ◦C for 1.5 hrs. After
incubation in the oven is finished, the sample-acid mix is allowed to cool down to room
temperature for five minutes with the lid on, after which 100 µL of Schiff’s reagent were
added and the tube lidded again. This new mix was left to react and develop color for 1 hr.
After color development, samples are unlidded and 100 µL are loaded with a pipette
into a regular clear bottom plate. Absorbance is measured at 550 nm in a Molecular
DevicesSpectraMax i3 plate spectrophotometer. ffFS1.1, sterile-PS, and SEC fractions
1-6 were assayed for carbohydrates using this procedure.
Due to both the weak color response in the chromatography fractions and to the for-
mation of precipitate, this assay was tested as well with different pure sugars (hyaluronic
acid, dextran and sucrose) in concentrations ranging from 0.1 to 1.0 mg/mL.
3.8 Microscopy and bacterial growth
To confirm the presence of bacteria, a Leica CM E microscope was used. fFS, fPS, sterile-
fPS, as well as PS with added NaOH from the acidification experiments (see Acidification)
were investigated this way. Images at 400X (10x ocular, 40x objective) magnification,
were captured using a regular cellphone camera for future reference. fFS, fPS and sterile-
PF samples were also investigated by plating on an LB agar plate, in a standard 37 ◦C
darkened incubator for 24hrs.
3.9 Acidification
To elucidate the cause for the pH drop observed in the FS and PS samples, three exper-
iments were planned, each exploring one of the mechanisms for acidification outlined in
section 2.5.
Firstly, to investigate the effect of atmospheric carbon dioxide, 100 mL of freshly mixed
ca. 10mM NaOH solution was prepared in a glass reagent flask and placed open on a
magnetic stirrer. The lid was kept off and the mixer on for a period of 72 hours days.
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The pH in the solution was measured continuously during the first hour, and then at the
24 and 72-hour marks, using a METTLER TOLEDO InLab Expert Pro pH meter.
Secondly, to explore the possibility of hydrolisis, a flask containing ca. 50 mL of sterile-
PS brought up to a pH of 11.89 by addition of fresh 10mM NaOH was placed in a sealed
bell and all air was removed using a vacuum pump, while the sample was stirred using
a magnetic stirrer. After a period of ca. 15 minutes, the bell was opened and and eight
4 mL samples were taken out and placed in dram glasses with the lid tightened almost
completely. These dram glasses were placed again in vacuum for a few more minutes
to extract the last of the air, and then tightened and sealed with parafilm. During the
following 5 days, one of the dram glasses was opened every day and the pH was measured.
The content of each bottle was discarded after the measurement.
The third experiment, aimed at exploring the activity of bacteria at high pH, consisted
of titration of 25 mL of unsterilized PS with fresh 0.1 mM NaOH up to a pH of 12, after
which the flask containing it was closed tight and stored at 5C. pH was measured after
24 and 48 hours. At the 48 hour mark a small sample of the slime was taken out and
inspected visually in a Leica CM E microscope. A photograph of what was found through
the microscope was taken using a common cellphone digital camera for reference.
3.10 Freeze drying
The fractions 1 to 6 from collections 1-5 and 6-10 were poured into 12 mL dram glasses,
weighed and sealed twice with parafilm. Perforations in the parafilm were created with
a needle in order to let the pressure and moisture escape. The samples were then chilled
in a Holm & Halby freezer to a temperature of ∼ 193 K. Upon freezing of the samples
they were swiftly placed in a Buch & Holm Alpha 1-2 LD PLUS freeze dryer connected to
an Edwards RV12 vacuum pump, and left to sublimate for 24 hours. The dried fractions
were then closed with rubber sealed caps, weighed and saved for further analysis.
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Chapter 4
Results and Analysis.
The large number of results from the battery of tests and assays performed on H. aspersa
slime are compiled here. Where necessary for proper interpretation of the results, anal-
ysis and calculations were performed, keeping as much as possible away from entering
discussions at this point, as that will be undertaken in the next chapter.
4.1 Solubility
Solubility tests were performed in duplicates on 0.5 mg freeze-dried PS. 1 mL of each
solvent was used, and 0.1 mL of 0.5 M DTT was added to one of each duplicate. As
seen in Table 4.1, water and 0.1M NaOH partially dissolved the freeze dried slime sample,
though NaOH seemed to dissolve more of the sample than did water. 0.1 M SDS was
the only tested solvent that dissolved the slime completely. Furthermore, no change in
the solubilization of slime was measured for any of the DTT tests compared to the same
solvent without DTT.
Since dissolving the slime by solely increasing the ionic strength of the solution with
NaCl did not improve solubility, and even reduced it, it is assumed the the increased
solubilization of the slime by NaOH was due to the increase in pH.
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Table 4.1: The solubility of a batch of freeze-dried slime (see chapter 3) in different
solvents with and without DTT. 1 mL of solvent was used, and to tests with DTT was
added 0.1 mL of 0.5M DTT.
*: Although marked as “partially dissolved” NaOH was substantially better at dissolving
the slime than other substances that received the same mark.
Solubility tests
to 0,5 mg Slime 1h 1 day 2 days 3 days
1mL MeOH 100% - - - - - - -
1mL MeOH 100% + 0,1 mL
+ DTT 0.5M
- - - - - - -
1mL NaOH 0,1M * - + + +
1mL NaOH 0,1M + 0.1 mL
DTT 0.5M *
- + + +
NaCl 0,5M - - - -
NaCl 0,5M + DTT 0.5M - - - -
1mL Acetic acid 10% - - - - -
1mL Acetic acid 10% + 0.1
mL DTT 0.5M
- - - - -
1mL DM Water - - + + +
1mL DM Water + 0.1 mL
DTT 0.5M
- + + +
1mL SDS 0.1M + + ++ ++ ++
1mL SDS 0.1M + 0.1 mL
DTT 0.5M
+ + ++ ++ +’+
1mL 1-octanol - - - - - -
1mL 1-octanol + 0.1 mL
DTT 0.5M
- - (two phase) - - (two phase) - (two phase) - (two phase)
“–”: Unchanged; “-”: Swollen; “+”: Partially dissolved; “++”: Completely dissolved
4.2 Water content determination
Table 4.2 contains the weights and calculated water content of the two supplementary
FS samples dried for water content determination and preparation for elemental organic
analysis, as described in 3. After 48 hours, the mass of the drying slime was nearly
constant, falling only 0.8 mg in the following 72 hours. It was thus determined that the
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Fresh Slime (FS) samples contained 93%-95% water.
Table 4.2: Weights of the two supplementary FS samples used in determining water
content and as a preparation for organic elemental analysis. Water content was calculated
based on the 24-hour weight for sample 1 and the 5-day weight for sample 2.
Water content
Sample Start
weight [g]
24-hour
mark
weight [g]
48-hour
mark
weight [g]
5-day
mark
weight [g]
Calculated
water
content
FS (1) 1.7375 0.1300 - - 92.52%
FS (2) 0.6391 0.0374 0.0332 0.0326 94.90%
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4.3 Gravimetry of FS
From the solubilization procedure of FS into different portions by centrifugation, the
gravimetric data shown in table 4.3 was collected. After the preparation and collection
of FS1.1, 13.05% of had not dissolved in 10mM NaOH, and was collected as a precipitate
after mixing and centrifugation and named FS1.2.
Table 4.3: Gravimetry of the preparation and solution of FS into FS1.1 and FS1.2.
*: Calculated values. FS1.1 was diluted in 10mM NaOH to a total 29.272g of liquid in
this procedure.
Gravimetry
Preparation portion Weight [g] Percentage
FS 10.545 100%
FS1.1* 9.168 86.95%
FS1.2 1.377 13.05%
Following HPLC/SEC fraction collection, gravimetric data was also collected. The
concentration of analytes is lower after eluting in each fraction than it is in the original
FS1.1, since they are distributed in a larger volume. To account for this change, the
dilution factor was calculated as the ratio of total injected FS1.1 volume to total collected
fraction volume, as seen in table 4.4.
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Table 4.4: Gravimetry of the HPLC/SEC fractions before and after freeze-drying. The
collected samples were weighed in their flasks before and after freeze-drying to determine
their dry mass and the mass of water they were dissolved in.
fraction
(collec-
tions)
Collection
weight
(with flask
and cap)
[g]
Dry weight
(with
flask) [g]
Flask
weight [g]
Dry weight
[g]**
Weight
of water
removed
[g]
Conc. ra-
tio from
original
sample*
1 (1-5) 19.5692 16.1296 13.5992 0.001 3.4396 1/3.4
1 (6-10) 18.8802 15.9186 13.4401 -0.051 2.9616 1/3
2 (1-5) 24.2552 15.9836 13.4461 0.008 8.2716 1/8.3
2 (6-10) 25.7994 15.9696 13.4971 -0.057 9.8298 1/9.8
3 (1-5) 25.0194 16.2226 13.6856 0.008 8.7968 1/8.8
3 (6-10) 26.3362 16.1076 13.6064 -0.028 10.2286 1/10.2
4 (1-5) 23.6240 16.0986 13.5963 -0.027 7.5254 1/7.5
4 (6-10) 21.6967 16.0296 13.5040 0.000 5.6671 1/5.7
5 (1-5) 20.7659 15.9376 13.4158 -0.007 4.8283 1/4.8
5 (6-10) 19.8010 16.1786 13.6481 0.001 3.6224 1/3.6
6 (1-5) 18.9211 16.1306 13.6740 -0.069 2.7905 1/2.8
6 (6-10) 19.9067 16.0466 13.5132 0.004 3.8601 1/3.9
*: This is calculated considering that each collection comes from a 200 µL loop injection,
i.e. 1 mL per five collections, (assuming eluent density equal to pure water).
** The negative dry weight can be due to the fact that the scale has had service in between
the weighings. It was not reported if or how much the scale had been corrected.
4.4 Organic elemental analysis
Four repetitions of the organic elemental analysis (without sulfur determination) were
performed on the first supplementary sample of FS. Since it is likely that the first supple-
mentary FS sample still contained water, it is not the C and N values themselves that are
useful, but the ratio between them. Therefore, weight-to-weight and molar C/N ratios
were calculated based on the experimental results, and can bee seen in table 4.5
The C/N ratio of FS was calculated by dividing the percentage of total weight (w/w).The
mole ratio (n/n) was obtained by dividing the weight percentages by the atomic mass of
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Table 4.5: CHN data from the first supplementary FS sample
Organic elemental analysis
Sample N% (w/w) C% (w/w) H% (w/w) C/N (w/w) C/N (n/n)
FS (1) 3.577 22.230 2.428 6.215 7.248
FS (2) 3.454 21.790 1.531 6.309 7.358
FS (3) 3.325 21.216 2.253 6.381 7.442
FS (4) 3.273 20.974 2.236 6.408 7.473
the elements and then dividing the result:
nC
nN
=
C% ·MN
MC · N% (4.1)
C/N ratios between 7.25 and 7.47 indicates that sugar is not necessarily the dominating
type of macromolecule in the slime, unless every monosaccharide was aminated, which
is not very common. Several amino acids have a C/N ratio close to or below the one
measured, so the presence of the more nitrogen-rich amino acids like arginine, histidine
and asparagine, or the smaller amino acids like glycine or alanine can result in a lower
C/N ratio than most sugars would have in isolation.
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4.5 HPLC/SEC
4.5.1 Column calibration
Good linearity between the logarithm of the MW (log10(MW )) and retention volumes
was observed for the dextran standards used for calibration of the Superose HR 6 column,
and thus a linear fit was made on the calibration data.
The retention volume of sucrose, 12.1 mL, is considered the total volume Vt, since the size
of the sucrose molecule is well below the expected working range of the column. With it,
an empirical expression for MW as a function of V/Vt was then derived from the equation
of the linear regression in the following manner:
log10(MW ) = −10.538(V/V t) + 10.502 (4.2)
10log10(MW ) = MW (4.3)
10−10.538(V/V t)+10.502 = 1010.502e−10.538(V/V t) (4.4)
MW = 1010.502e−10.538(V/V t) (4.5)
The exclusion volume of this column was not determined empirically, since the largest
dextran standard available has an average MW of 670 kDa, and the packing material is
reported to be linear for sizes up to the MDa range (although MW does not necessarily
correspond directly to the molecule’s hydrodynamic volume).
The data and calibration curve with linear fit (R2 = 1.0) from the calibrations are
shown in Table 4.6 and Figure 4.5.1.
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Table 4.6: Calibration runs for the Superose 6 column. Sample solvents and eluent: 10mM
NaOH, Flow rate: 0.2 mL/min, printer rate: 2 mm/min, pressure: 0.8-1.1 MPa, RI: x8.
Sample MW
[kDa]
Conc.
[mg/ml]
[mm/min] [mL/min] mm
from
load
Peak
volume
[mL]
Corrected
volume
(v/vt)
log(MW)
Sucrose
(with
Dex150)
0.34 5 2 0.2 121 12.1 1 -0.469
Dex5
(with
Dex270)
5 5 2 0.2 102 10.2 0.843 0.699
Dex50
(with
Dex 670)
50 1 2 0.2 76 7.6 0.628 1.699
Dex150
(with
sucrose)
150 5 2 0.2 63 6.3 0.5206 2.1760
Dex270
(with
Dex5)
270 5 2 0.2 56 5.6 0.46281 2.43136
Dex670
(with
Dex50)
670 5 2 0.2 46 4.6 0.3802 2.8261
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Figure 4.1: Calibration curve for the Superose 6 column with a linear fit between log(MW)
in the y axis and V/Vt in the x axis. Sucrose is expected to be outside of the linear range
and therefore is not included. Sample solvents and eluent: 10mM NaOH, Flow rate: 0.2
mL/min, printer rate: 2 mm/min, pressure: 0.8-1.1 MPa, RI: x8.
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4.5.2 Sample HPLC/SEC
Upon performing HPLC/SEC on the fFS1.1 and fPS samples, five peaks can clearly be
distinguished on the chromatograms made with the Superose HR 6 column, as shown in
Fig. 4.2 & 4.3. Separation, however, is not complete between many of them, and the first
and second peaks, as well as the three last, appear partially overlapped.
The earliest peak elutes close to a relative retention volume (V/Vt) of 0.40 in fFS1.1
Figure 4.2: Chromatogram of fFS1.1 on superose 6. Sample solvents and eluent:
10mM NaOH, Flow rate: 0.2 mL/min, printer rate: 2 mm/min, pressure: 0.8-1.1 MPa,
RI: x8.
and 0.37 for fPS, which corresponds to an estimated MW around 500-700 kDa, using the
dextran standard curve for Superose 6. This is the largest constituent of the fFS1.1 and
fPS.
On the right-hand slope of this first peak, an elongation (shoulder) can be seen, which is
considered a second peak partially overlapped with the first. This shoulder is short and
wide, which indicates a broad spread of MW.
From a relative retention volume of 0.58 to 0.90, after the first groups of peaks, no fur-
ther fractions elute until 0.90 It is at 0.90, almost at the total volume, that another group
of peaks can be seen. Here, two peaks elute very close to each other, so much that in
some chromatograms the first blends into the left-hand slope of the second. Their relative
retention volumes are 0.90 and 0.97 for fFS1.1 and 0.94 for fPS (the system looks more
complex in several of fPS’s chromatograms). This would place their MW between 1 and 3
kDa, but it is important to remember that this close to the total volume, linearity cannot
be readily expected. Thus, these peaks might include much lower MWs, particularly the
last of the two.
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Figure 4.3: Chromatogram of fPS on superose 6. Sample solvents and eluent:
10mM NaOH, Flow rate: 0.2 mL/min, printer rate: 2 mm/min, pressure: 0.8-1.1 MPa,
RI: x8.
Finally, there is a fifth peak that elutes after the total volume of the column, at V/Vt
= 1.12. This behavior is likely due to interactions with the column material. Because of
this, and for it being outside of the column’s linear range, estimation of the MW was not
performed. Chromatograms for sterile-fPS and fFS1.1/ffFS1.1 can be seen in figure 4.2
& 4.3. Table 4.7 is a resume´ of the data read off these chromatograms.
For fraction collection, the high molecular peak was split in two since it seemed likely
that its composition could vary between the left-hand and the right-hand slopes, with
larger molecules eluting on the former, and more material from the shoulder peak eluting
on the latter. Thus, separation through SEC produced six sample fractions out of the five
peaks.
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Table 4.7: Poland Slime (fPS) and Fresh Slime (FS) SEC data, with MW estimates fitted
after the calibration runs assuming linearity between log10(MW) and V/Vt. Vt is taken
as the retention volume of Sucrose. Sample solvents and eluent: unknown concentration
(originally 0.1M NaOH) for PS, and 10mM NaOH for FS. Flow rate: 0.2 mL/min, printer
rate: 2 mm/min, pressure: 0.8-1.1 MPa, RI: x8.
Sample Distance
from
load
[mm]
Peak
vol-
ume
[mL]
Corrected
Volume
(V/Vt)
Peak
height
[mm]
Mw
[kDa]
(fitted
to cal-
ibra-
tion)
Comments
Sterile fPS 105 5.2 0.97 101 1.03
45 4.5 0.37 49 722.64 Long right
shoulder
114 11.4 0.94 47 1.77 Triplet
135 13.5 1.12 17 0.28 Tail-like
141 14.1 1.17 Valley
fFS1.1/ffFS1.1 49 4.9 0.40 68 510.07 Slightly
serrated &
long right
shoulder
109 10.9 0.90 49 2.74 Doublet
117 11.7 0.97 60 1.37 Doublet
135 13.5 1.12 13 0.28 Tail-like.
Column
interac-
tion.
142 14.2 1.17 Valley Solvent
imbalance
4.6 UV Spectrophotometric protein assay
The UV absorbance at 280 nm was measured for fractions 1-6 and for ffFS1.1, and full
spectra were obtained. The highest absorbance at 280 nm of all fractions was observed
for fraction 5, followed by fractions 1 and 2, while that of fraction 6 was noticeably lower.
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The absorbances of fractions 3 and 4 were the lowest of all. The range for these results is
rather wide, fraction 5 having around forty times the absorbance of fraction 4 in collec-
tions 1-5, and twenty times in collections 6-10.
The absorbances of FS fractions 1–6, ffFS 1.1, and a ten times dilution of ffFS1.1 are
shown in Table 4.8. However, these absorbance values are not necessarily representative
Table 4.8: Absorbance adjusted to L = 1 cm from Nano Drop measurements of double-
filtered fresh slime soluble portion (ffFS1.1) and the SEC/HPLC fractions. Solvent: un-
known (originally 10mM NaOH) for ffFS1.1, 10mM NaOH for SEC/HPLC fractions.
Nano drop results
fraction Absorbance @ 280 nm
(collections 1-5)
Absorbance @ 280 nm
(collections 6-10)
1 0.122 0.085
2 0.094 0.145
3 0.033 0.045
4 0.010 0.012
5 0.408 0.245
6 0.064 0.061
ffFS1.1 (1:10 diluted) 0.366 -
ffFS1.1 3.227 3.175
of the concentration of different protein components in fFS1.1/ffFS1.1. This is due to the
fact that the different fractions elute spread over different volumes after separation. Visu-
ally, this corresponds to the width of the signal peaks the produce in the chromatogram.
Thus, it was found useful to normalize the absorbances to the ratio between each fraction’s
volume and the original injected volume of fFS1.1/ffFS1.1. This ratio is calculated from
the gravimetric measurement of the fractions before and after freeze drying, the volume
of eluent being obtainable from the mass difference in the collection flasks.
The normalized absorbances shown in Table 4.10. were calculated, corresponding more
closely to the absorbance that each fraction component originally would have at fFS1.1
concentration before being diluted in the process of SEC.
These new data show a slightly different pattern than the initial absorbances would
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Figure 4.4: . Graph showing the absorbance at 280 nm for each chromatography fraction
from both runs 1-5 and 6-10, as well as the 1:10 dilution of ffFS1.1.
suggest. While fractions 1 and 2 seemed almost equal before, and both showed much
lower absorbances than fraction 5, after taking dilution into account fractions 2 and 5 are
closer to each other and differ noticeably from fraction 1. Fractions 3, 4 and 6 still give
the lowest signals; and normalization confirms that their weak absorbance is not in fact
due to dilution.
The spectra from the UV measurements of ffFS1.1 as well as all fractions from collec-
tions 1-5 were also recorded to aid the analysis and confirm that the observed absorbances
are indeed due to the presence of protein.
fraction 1 has a clear absorption maximum at 220 nm that extends to 230 nm but other-
wise slopes steadily at higher wavelengths, making it difficult to judge whether it contains
protein. fraction 2 has a very prominent maximum almost exactly at 230 nm, as well as
a valley at 270 nm and a second (though smaller) maximum at 290 nm, which is skewed
slightly compared with the absorbtion maximum for protein at 280 nm, but close enough
to be a likely indication of protein. The profile of Fraction 3 resembles that of Fraction
2, though overall lower in the scale. fraction 4 shows neither a maximum at 230 nm
nor at 280 nm, indicating low likelihood of it containing any protein. fraction 5, on the
other hand, while not showing a maximum, has relatively high absorbance in the 220-230
nm range, and a clear maximum at 280 nm which is nearly the absolute maximum in the
whole spectrum. fraction 6, finally, resembles fractions 1 and 4, in that its spectrum slopes
steadily down from 220 nm onwards at very low overall absorbance, showing practically
no signs of protein.
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Figure 4.5: Normalized absorbance for chromatography fractions of fFS1.1/ffFS1., collec-
tions 1-5 and 6-10. The absorbance of a ten times diluted ffFS1.1 is included for reference.
The spectra themselves are shown in figure 4.6 & 4.7
Figure 4.6: UV spectrum for ffFS1.1 taken with the Nano Drop spectrophotometer. Sol-
vent unknown (originally 10nM NaOH).
A row of BSA standards was also investigated, the absorbances recorded and a plot
with linear fit are shown below.
From this BSA standard, tentative concentrations can be calculated, assuming that the
overall amino acid composition of the protein found in the sample resembles that of BSA.
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Figure 4.7: UV spectra of all chromatography fractions from collections 1-5 taken with
the Nano Drop spectrophotometer. Solvent: 10mM NaOH.
BSA standard curve
BSA Standard Concentration [µg/mL] Absorbance at 280 nm
0 0 0
1 49 0.023
2 147 0.072
3 245 0.122
4 343 0.166
5 490 0.266
6 588 0.344
7 735 0.421
8 980 0.606
Table 4.9: Bovine serum albumin (BSA) standard samples and absorbances measured
with the Nano Dropm spectrophotometer. Solvent: Milli-Q water.
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Figure 4.8: BSA standard curve with linear fit from absorbances measured with the Nano
Drop spectrophotometer.
Table 4.10: Fraction absorbances, concetration ratios to fFS1.1 ad normalized absorbances
Fraction ABS ABS Concentration
ratio fFS1.1
Concentration
ratio fFS1.1
norm. ABS norm. ABS
(1-5) (6-10) (1-5) (6-10) (1-5) (6-10)
1 0.122 0.085 0.294 0.333 0.4148 0.255
2 0.094 0.145 0.120 0.102 0.7802 1.424
3 0.033 0.045 0.144 0.098 0.2904 0.459
4 0.01 0.012 0.133 0.175 0.075 0.0684
5 0.408 0.245 0.280 0.278 1.9584 0.882
6 0.064 0.061 0.357 0.256 0.1792 0.2379
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4.7 Bradford assay
The measurements for the BSA external standards for the Bradford assay are shown in
Table 4.11. Plotting the absorbance measured over the concentration of BSA in each well
showed a linear correlation, as seen in figure 4.9. A linear regression was performed on the
data and a linear fit was obtained: y = 4.384 ∗ 10−3 ∗ x− 1.518 ∗ 10−3 (R2 = 0.987). The
Table 4.11: Absorbances measured in a plate spectrophotometer for BSA standards with
corrections for blank wells (pure Bradford reagent) and empty wells. Standard solvent:
Milli-Q water. Plate: regular clear bottom
Std. Well Conc.
[ug/mL]
ABS ABS-
plateABS
ABS-
blankABS
0 0 0.097 0.065 0.0000
1 0.98 0.099 0.067 0.0020
2 2.94 0.108 0.076 0.0110
3 4.9 0.113 0.081 0.0160
4 6.86 0.123 0.091 0.0260
5 9.8 0.142 0.11 0.0450
6 11.76 0.153 0.121 0.0560
7 14.7 0.16 0.128 0.0630
8 19.6 0.178 0.146 0.0810
Bradford test was performed on FS1.1 and on the fractions 1–6 from collections 1-5 and
6-10. The absorbances measured were averaged, giving the values shown in Table 4.12.
Concentrations of protein were estimated on the basis of these results, using the linear fit
obtained from the BSA standards, and are also shown in Table 4.12. It is noted that there
is a big discrepancy between the sum of the absorptions in the fractions compared to the
absorption of protein in FS1.1, where the absorption of FS1.1 is much larger than the sum
of absorbances of the fractions. Normalization of sample concentration compared with the
concentration of FS1.1 was performed as in the UV assay, and are shown in Table 4.13.
The concentrations of protein were also estimated from the normalized absorptions, and
are shown in Table 4.13 and Figure 4.10. Here it is noted that there is still a discrepancy
between the sum of the absorbancies in the fractions and the absorbance for FS1.1, but
now the sum is larger than the absorbance of FS1.1.
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Figure 4.9: Standard curve with linear fit for the BSA external standard. Absorbances
at 595 nm are corrected with blank absorbance.
Table 4.12: Empty well and blank-corrected absorbances for all chromatography fractions,
averaged for runs 1-5 and 6-10. Protein concentration estimations have been included,
using the linear fit obtained with BSA standards.
Fraction 1 2 3 4 5 6 1.1
ABS-
plateABS
0.0742 0.0792 0.0638 0.0611 0.0555 0.0627 0.1612
ABS-
blankABS
0.0155 0.0205 0.0051 0.0024 -0.0032 0.0040 0.1026
Conc.
well[ug/mL]
3.889 5.018 1.509 0.898 -0.384 1.266 23.739
Fraction
conc.
[ug/mL]*
198.345 255.923 76.986 45.773 -19.559 64.578 1,210.71
*: All samples are diluted by a factor of 1:51 from their original concentrations, since the
assay involves adding 30 µL of sample to 1500 µL of Bradford reagent.
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Figure 4.10: Shows the normalized absorbance data from Table 4.13.
Table 4.13: The table shows the absorbance of fraction 1 to 6 subtracted the absorbane
of the blank. The dilution factor is calculated from the gravimetric data and used to
normalize the aborbance of the fractions. Concentration of each fraction, total (sum of
fractions) and FS 1.1 is calulated from the linear fit to the BSA measurements.
Fraction measured ABS Dilution factor Norm. ABS Conc.
BSA
[ug/mL]
1 0.0155 0.314 0.0494 574.8
2 0.0205 0.111 0.1843 2143
3 0.0051 0.106 0.0482 561
4 0.0024 0.154 0.0155 180.8
5 -0.0032 0.243 -0.0132 -153.2
6 0.0040 0.307 0.0130 151.7
Total 0.0443 0.2973
FS1.1 0.1026 1194
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4.8 Qualitative PAS assay
Due to the formation of considerable amounts of precipitate during the oxidation step of
this assay, spectrophotometry was impossible to perform. Thus, only a visual characteri-
zation of the formation of color was carried out.
Although visual inspection showed weak coloration of all fractions, the strongest col-
oration was seen in fractions 1 & 2. A digital photograph of the color development was
Table 4.14: Visual characterization of the periodic acid-Schiff’s (PAS) reaction of the
double-filtered dissolved portion of fresh slime (ffFS1.1) and all chromatography fractions.
Sample ffFS1.1 Fraction
1
Fraction
2
Fraction
3
Fraction
4
Fraction
5
Fraction
6
Color de-
velopment
Moderate Weak Weak Very
Weak
Very
Weak
Very
Weak
Very
Weak
taken, using a common cellphone digital camera under the laboratory’s fluorescent tube
lighting, without the use of a filter, as a reference to the weak color development in them.
The same photograph was digitally enhanced using Photoshop CS3 to accentuate the dif-
ferences in color between fractions. Both are shown in figure 4.11 and 4.12 and desribed
in table 4.14.
Sucrose, as well as hyaluronic acid (HA) of average MW 1.6 MDa, tested either negative
Figure 4.11: Unenhanced digital photograph of the color development after PAS for all
chromatography fractions, using a mix of collections 1-5 with 6-10.
or very weakly positive at all concentrations. Dextrans of average MW 150 and 670 kDa
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Figure 4.12: Digital enhancement of figure 4.11
developed a very intense fuchsia color, which became visibly stronger and darker with in-
creasing concentrations. Furthermore, none of the pure sugar samples formed any visible
precipitate during the assay. Nevertheless, a standard curve was not performed, since the
formation of precipitate in the samples and the weak signal given by pure HA precluded
proper quantitation.
Some of the pure carbohydrate samples were photographed for reference and are shown
in figure 4.13
Figure 4.13: Color response of several pure carbohydrates after a PAS procedure. HA:
hyaluronic acid.
59
4.9 SDS-PAGE/Coomassie stain/PAS stain
Both PS and FS1.1 show large and thick bands before the ladders above even the highest
MW standard, this means that these components are larger than 250 kDa. Some of these
large MW bands also appear in fractions 1 and 2. The lowest MW visible in fPS is at
10 kDa and in FS1.1 it is slightly below 15 kDa. Fractions 1 and 2 seem to be almost
the same, with their largest components above 250 kDa and the lowest MW components
around 55 kDa. Fraction 3 has a shadow of a broard band between 30 kDa and 25 kDa
while fraction 4, 5 and 6 do not show any bands. A small amount of ladder appears to have
contaminated the well for fFS2.1. This lane, however, presents a broad shadow reaching
from 25 kDa to 10 kDa which is also visible in the second gel where no contamination
with ladder occurred.
In the second gel small fuchsia marks can be seen at the end of all the lanes where a
slime sample has been loaded, right above the tracer dye marks. This fuchsia spot is
noticeably larger on the track corresponding to fraction 5, and is absent on the ladder,
HA and dextran tracks.
The gels were photographed after being run and stained, using a common cellphone
digital camera under the laboratory’s fluorescent tube lighting, without the use of external
filters. The photographs were then cropped, labeled and digitally enhanced using Photo-
shop CS3 to increase their overall contrast and shift the low-saturation regions towards
green, while leaving high-saturation regions blue to help the reading of the gels. No other
modifications were made to the images as shown in figure 4.14 & 4.15 .
The Coomassie staining in the second gel is not as clear and sharp as in the first gel.
This is not due to lower concentration of the samples, but due to a shorter Coomassie
staining time, intended to make the fuchsia color of the PAS staining more visible, and
increased destaining to remove any SDS leftovers from the running buffer.
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Figure 4.14: Enhanced photograph of the SDS-PAGE gel run for all chromatography
fractions, ffFS1.1 and fPS, stained with Coomassie Brilliant Blue G-250 only.
Figure 4.15: Enhanced photograph of the SDS-PAGE gel run for all chromatography
fractions, ffFS1.1 and fPS, stained with Coomassie Brilliant Blue G-250 and PAS. The
fuchsia colored bands just above the tracer dye correspond to the PAS stain.
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4.10 Microscopy
Under inspection with an optical microscope, fFS1.1 showed remarkable bacterial popula-
tion and activity, while fPS showed similar activity, but with somewhat lower populations.
Sterile-fPS showed no trace of bacterial presence of activity. Figure 4.16, 4.17,4.18 & 4.19
show unenhanced photographs of fFS1.1, fPS and sterile-fPS after some weeks of work
taken with a common cell phone camera, as well as a digital amplification.
To confirm the observations made in the microscope, fFS, fPS and sterile-fPS were
Figure 4.16: Digital microphotograph of a fFS1.1 sample kept at 5 ◦C for a few weeks
after preparation with 10mM NaOH. Amplification X400.
plated on an agar growth gel. An unenhanced photograph of the plate after 24hrs incu-
bation is shown in figure 4.20
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Figure 4.17: Digital microphotograph of a fPS sample kept in different environments, in-
cluding refrigeration, for a couple months after preparation (in Poland) with 0.1M NaOH.
Amplification X400.
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Figure 4.18: Digital microphotograph of a sterile-fPS sample kept at 5 ◦C for a few weeks
after preparation with sodium azide, and couple months after preparation (in Poland)
with 0.1M NaOH. Amplification X400.
Figure 4.19: Digital amplification of the central part of Figure 4.16.
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Figure 4.20: Agar growth medium plating of fFS, fPS (labelled “PES”) and and sterile-fPS
(labelled “fPES sterile”) samples after a few weeks of work.
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4.11 Acidification scenarios
Very little change in pH is observed during the first hour of stirring in the first acidification
experiment, which explored the effect of atmospheric CO2 in a NaOH solution. After 24
hours, however, pH had dropped over a unit, which means that over 90% of the initial
OH– had been used neutralized. After 72 hours of continuous stirring, pH had dropped
over two units, corresponding to the neutralization of over 99% of the initial hydroxide.
The open-flask stirring experiment yielded the pH values shown in table 4.15:
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Table 4.15: pH values of NaOH solution stirring in a flask open to the atmosphere
Time stirring pH
0 11.63
9 min 11.61
14 min 11.60
23 min 11.58
32 min 11.56
41 min 11.55
24 hrs 10.26
72 hrs 9.37
In the experiment exploring the effect of hydrolysis in sterile-fPS, where all air was
removed, pH fell steadily with time, but barely more than 0.30 pH units after 94 hours,
as shown in table 4.16
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Table 4.16: pH values of each of the 8 flasks prepared during the hydrolysis experiment,
opened after different times of resting.
Time resting (separate samples) pH
0 11.89
1.3 hrs 11.76
2.5 hrs 11.76
22 hrs 11.76
49 hrs 11.71
70 hrs 11.58
94 hrs 11.58
*: The pH value at 70 hrs is likely due to improper cleaning of the pH electrode.
In the final experiment, exploring bacterial activity, pH was measured at 11.87 (19.1˚C)
after 24 hours, and remained at 11.88 (17.2˚C) after 48 hours.
Bacterial activity was observed, however, when the sample was inspected through mi-
croscopy after 48 hours. A photograph at 400X amplification is shown in figure 4.21:
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Figure 4.21: Digital microphotograph of a fPS sample kept at 5 ◦C for 48 hours after real-
kalinization with fresh 10mM NaOH, and a couple months after preparation (in Poland)
with 0.1M NaOH. Amplification X400.
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Chapter 5
Discussion
5.1 Considerations of the experimental results
The first experimental result in working with the mucus of H. aspersa in this project is
perhaps the first obstacle in its analysis: it possesses low solubility in both polar and non-
polar media (see table 4.1). This presented a major challenge, since outside the elemental
analysis and water content determination, all assays available required the solubilization
of the slime.
The fact that tests in numerous other investigations have fond, that many of the chem-
ical components reported are known to be soluble in aqueous solutions, indicates that it is
mainly through interactions between said components that the slime is initially insoluble.
Thus, it is through the disturbance of such interactions that solubilization can occur(El
Mubarak 2013; Hovingh & Linker 1998).
One important observation from the solubility tests performed in this project was that
the the freeze-dried slime seemed to be less soluble in 0.5M NaCl, which only caused the
slime to swell more, than it was in water. This could be due to small differences in how
the qualitative observations were made during the assay, but could also indicate that the
forces keeping the slime bound together are not strongly ionic, at least at neutral pH. It
is also possible that if there is some degree of hydrophobic interaction between different
components of the slime, the increased ionic strength of the 0.5M NaCl could have op-
posed the solubilization of the slime compared to using water as the solvent (see table
4.1).
On the other hand, methanol, which is only slightly polar, and 1-octanol, considered
mostly non-polar, were also tested. Here, the slime remained largely undissolved, which
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can indicate that the slime contains too many polar or charged groups to dissolved in
nonpolar media. It also shows that the interactions between the components in the slime
are not mainly hydrophobic in nature. It was also noted that 1-octanol caused the slime
to swell, while methanol seemed to have no effect at all and was the only solvent leaving
the sample apparently unchanged after three days.
Solubilization of the sample was attempted with 10% w/w acetic acid as the solvent. Here,
a swelling of the slime was observed, like with 0.5 NaCl and 1-octanol, but without visible
solubilization. The low pH of 10% w/w acetic acid (pH = 4) would tend to cause acidic
groups (carboxyl or sulfate) on the slime to protonate and become neutral, and the amine
groups to protonate and become positively charged. The fact that acetic acid did not
solubilize the slime, and performed worse than water, could indicate that the slime has
a higher charge density at neutral pH than at pH = 4, and thus has a more favorable
interaction with water than with acetic acid. It is known that proteins are least soluble
near their pI value, and thus it is possible that the pI value of the snail slime is closer to
the pH of the acetic acid solution than to neutral pH.
Consecutive weighing during the oven drying, showed a significant loss in mass during the
first 24 hours (see table 4.2). However, in the following 5 days, a much smaller yet still de-
tectable loss in mass was observed, giving indication that hygroscopic compounds, such as
polysaccharides, may be present in FS since strong interactions with water would slow the
evaporation down due to the higher energy needed to separate water from the solid phase.
A first approach when using the data from the elemental analysis (see table 4.5) is
assuming that one molecule dominates greatly in the slime rather than it being a some-
what even mixture of different molecules. Under this assumption, and that of the slime
being mainly an organic substance, a rudimentary empirical formula could be obtained
from elemental analysis.
This was not possible, however, for two reasons. Firstly, it is expected that the slime con-
tains sulfated polysaccharides (heparan sulfate and/or heparin) (Pancake & Karnovsky
1971), and no sulfur determination was carried out. Secondly, elementary analysis was
only performed on the first supplementary sample, which was dried only for 24 hours at
105◦C, before it was discovered that as much as 2% w/w of the total slime weight (40%
w/w of the dry weight at maximum dryness) consisted of water still trapped in its more
hydrophilic components. This excess water would interfere with the proper calculation of
the absolute C%, N% and H% values, making them seem much smaller than in reality.
The ratio between carbon and nitrogen, however, is not affected by these implications,
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and this can still provide useful information. The calculated molar C/N ratio was one
nitrogen per seven carbons and this excludes the possibility of the slime’s composition
being dominated by neutral polysaccharides, since their C/N ratio would be much higher.
Even GAGs, which have been shown to occur in the mucus of H. aspersa(Hovingh &
Linker 1998), consist of repeating uronic acid-hexosamine dimers, and thus only have a
C/N ratio in the vicinity of 14 to 1.
Thus, these results suggest that the slime contains nitrogen-rich components, such as pro-
teins. Several amino acids, especially the nitrogen rich and the smaller amino acids have a
C/N ratio at or below 7, and could thus in the right combination with the carbohydrates
in the slime, balance out to the observed C/N ratio. Other smaller nitrogen containing
components of the slime could also skew the C/N ratio of the slime to be lower. Allantoin,
which in other studies has been shown as a component of H. aspersa mucus, has a C/N
ratio of 1 and the presence of this component in the slime will thus have a drastic effect
on the C/N ratio per molecule.
Looking at the UV spectrum of ffFS1.1(figure 4.6 & 4.7), the maxima at 230 and 280
nm clearly indicate the presence of aromatic amino acids, and therefore protein; while the
practically-zero absorbance above 300 nm rule out particulate matter as a possible source
for false positives.
Since absorbance at 280 nm depends on the presence and abundance of aromatic amino
acids, true quantitation is only possible when the protein in question is known, so that
either its extinction coefficient is known or a standard curve can be made with it.
Likewise, the sensitivity of the Bradford assay changes depending on the specific protein
that is tested. Since it is not known if the proteins in the different fractions have the
same sensitivity to the assay, some precaution has to be taken in regard to analysing the
results.
Therefore, both the Bradford and UV assays are regarded as indications of protein pres-
ence and estimations of the concentration, rather than definite results.
5.2 HPLC/SEC and the nature of Fractions 1-6
First off, precise MW determination with SEC is unfeasible, due mainly to the fact that
the structure and composition of the sample, ergo its hydrodynamic volume, are unknown.
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Dextran, which were used as standards in this project (figure 4.5.1), consist of very long
polysaccharide chains with relatively little branching, and thus behave very differently
in SEC to highly-branched polymers and globular proteins. Therefore, using dextran as
a standard for MW estimations is useful, as long as they are considered as ranges and
not specific values. Furthermore, Superose as a packing material has been reported to
perform poorly in MW determination (Lee and Whitaker 2004).
Keeping this in mind, by making use of the dextran standards, that fFS1.1 and PS sep-
arate into a mix of rather large molecules, likely polymers, and a group of much smaller
components with MW below 3 kDa; with practically no components between 3 and 80
kDa.
Fractions 1 and 2 showed relatively high protein content in both the Bradford and
UV assays (figure 4.10 & 4.5). This result is at first glance disconcerting, since proteins
above 500 kDa are uncommon. SDS-PAGE with Coomassie staining, however, supports
these results by showing well-resolved bands at MW > 250 kDa in FS, PS, Fraction 1 and
Fraction 2 (figure 4.14).
To this point, FS and PS split to different degrees in gel electrophoresis, PS is more di-
vided than FS. This could be a sign of degradation due to the longer time PS was kept
in storage before SDS-PAGE.
Alternatively, these “large proteins” could be very large protein complexes made of in-
dividually smaller proteins, that take time to dissociate, but are more readily separated
under preparation for SDS-PAGE.
The SEC relative elution volume for Fraction 3 was estimated around 0.58 (correspond-
ing to ca. 80 kDa)(see section 4.5.2), although the peak is very broad, likely containing a
wide range of molecular sizes.
Strangely, Fraction 3 showed relatively low amounts of protein in both Bradford and UV
assays and showed no bands in SDS-PAGE, other than a faint PAS stain just above the
tracking gel. FS1.1 and PS, however, do show strong bands just above 100 kDa and
under 55 kDa, with several more bands as low as 15 kDa, all of which could correspond
to the molecular weights covered by Fraction 3. That these are not visible in the track
corresponding to Fraction 3 in the gels could be a matter of dilution, or it could be that
these proteins belong to complexes that do not separate during SEC but do so in the
presence of SDS.
Fraction 4 is perhaps the least well understood of the fractions. Eluting in SEC very
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close to fraction 5 at a relative volume of 0.9, its estimated MW is just under 3 kDa. It
showed the lowest protein content on both the Bradford and the UV assays, and little to
no reaction to PAS was observed.
Fraction 5 presented quite a challenge as well. Eluting at a relative volume of 0.97,
it can be expected to contain most of the compunds close to the total volume of the
Superose HR6 column. Thus, its expected molecular weight is too low to contain protein,
and yet it ranks first in protein content according to the UV spectrophotometric assay,
making up to two-thirds of the total absorbance of FS1.1 at 280 nm.
There, however, is where the promise for protein in Fraction 5 ends, since neither the
Bradford assay nor the MW range determined through SEC can support the presence of
any protein in it.
Instead, it is perhaps better to turn to the smaller molecules that could be present in the
total volume of the column. As mentioned in the introduction, H. aspersa slime is known
to contain allantoin, a derivative of purine via uric acid which is considered beneficial for
skin health.
Unfortunately, although allantoin absorbs in the UV region as well, its spectrum doesn’t
match that of Fraction 5 (absorption maximum at 250 nm in 0.1M NaOH) (Braga et
al. 2012). However, this suggests that other products of purine metabolism could be
present in the slime and absorb strongly around 280 nm, while testing negative in other
protein assays. Indeed, according to Cavalieri et al. (1948), many purine and pyrimidine
derivatives have absorption maxima at or very close to 280 nm and present UV spectra
that strongly resemble that of Fraction 5, with a second local maximum around 240-250
nm, as well as absorbance rising below 220 nm and falling above 300 nm.
Regardless, the compound mistakenly taken as protein in the UV assay need not be one of
the aforementioned five, or any of those studied by Cavalieri et al., but the aforementioned
results serve to illustrate the possibility of a purine metabolite being present in the slime
in sufficient amounts as to skew UV absorbance. The identity of this compound could be
elucidated with the use of NMR and HPLC-MS.
It is important to notice that Fraction 6 eluted at a relative volume of 1.12, well be-
yond the total volume of the column. Fountain and Campbell (1984) used the strong
specific binding of the lectin proteins in slime to the glucose monomers of a Sephadex
(dextran) column (eluted with a D-glucose solution) to separate said lectin-like proteins
from the rest. Superose packing material is made of agarose, half of which is D-galactose,
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a carbohydrate to which the slime lectins bind well (Fountain 1984).
Unfortunately for this possibility, Fraction 6 tested very low on both Bradford and UV
assays (figure 4.10 & 4.5).
5.3 Structural model of the H. aspersa mucus
It is, at this point, impossible to present a precise composition of the slime from the H.
aspersa slime from the analyses performed here. Throughout the extensive array of tests
and assays performed in this project, however, enough light has been shed on its many
components to begin the construction of a model that can englobe both the obtained
results and the knowledge available from previous research.
It has been reported that H. aspersa slime contains GAGs of molecular weights close to
the MDa range and proteins of several kinds. Among these, at least one is a glycoprotein
(Fountain & Campbell 1984). Other research that tested different protein components
from H. aspersa slime on polysaccharide-based gels (Pawlicki et al. 2003), reported a
small number of “glue proteins” which stiffen and increase their gelling by either catalyz-
ing cross-linking or by themselves becoming the cross-links between long polymer chains.
Fountain and Campbell (1984), isolated lectins from the slime of Helix aspersa, and showed
that these specifically agglutinate a variety of carbohydrates, particularly galactose and
the hexosamines N-Acetylglucosamine (GlcNAc) and N-Acetylgalactosamine (GalNAc).
These two components, lectins and glue proteins, could make up two different groups
of proteins acting independently or interdependently on the slime, since the lectins are
reported to appear also in the running slime (Fountain 1985), and the glue proteins seem
to be secreted only under stress or as a preparation to hibernation (Pawlicki et al. 2004).
Alternatively, they could be one and the same, since their effect is similar and both seem
to act specifically on the carbohydrate component of the slime.
Stepping back, then, we can explore the slime of H. aspersa as a sort of “brick castle”
consisting of large GAG pieces bound together into a larger structure by the action of glue
proteins and/or agglutinated by lectins, into which other proteins as well as much smaller
molecules (like allantoin) are mixed. This structure is partially broken down during solu-
bilization and fractionation, meaning that the more complete pieces make up Fractions 1
and 2, while a mix of smaller network pieces as well as individual proteins make up Frac-
tion 3. These pieces of “glued” matrix are small enough and charged enough to stay in
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aqueous solution, and split into several bands under the denaturing effect of SDS during
electrophoresis. The smaller individual components, together with the smallest fragments
of the polymer and anything that interacted with the column, would then be concentrated
in Fractions 4, 5 and 6. Thus, in all assays a mix of individual bricks and more complex
pieces of the structure are observed.
Fountain and Campbell (1984) reported that the major protein component of H. aspersa
slime is a glycoprotein. This result could point towards an alternative model that is also
consistent with most of the available knowledge; that the high-MW component in the
mucus is a mucin-like glycoprotein polymer. Lectins could still bind to the sugar moieties
on the glycoprotein and cause further gelation and stiffening, and the overall behaviour
of the slime would remain the same for most assays, the main difference being that the
backbone of the network consists of a polypeptide and not a polysaccharide, which would
serve to explain the relatively low C/N ratio observed in FS.
5.4 Acidification and bacterial growth.
Finally, it is necessary to discuss the phenomenon of spontaneous pH change in slime
samples(section 4.11), as alkalinity seems to be essential in its solubilization. The tests
performed showed that in the absence of atmospheric carbon dioxide and bacterial ac-
tivity, the pH of the slime sample remained mostly stable. On the other hand, stirring
openly to the atmosphere had a noticeable effect on the sample’s pH. Furthermore, bac-
terial activity was unexpectedly observed at the high pH of the slime sample as little as
48 hours after addition of new NaOH.
To this point, intense bacterial activity was observed in several of both FS and PS-related
working samples, which required for extra filtration of FS samples and addition of sodium
azide to PS (figure 4.19).
Therefore, it is likely that a mix of the effects of atmospheric carbon dioxide and bacterial
growth account for the spontaneous acidification observed in this project’s samples.
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Chapter 6
Conclusion
When compiling all these observations it is obvious that stress slime from H. aspersa con-
sists of a set of components whose properties such as solubility and molecular weight vary
greatly. The slime was difficult to get into solution likely due to interactions between the
components. Freeze-dried slime was completely soluble in 0.1M SDS and partially soluble
in 10mM and 0.1 M NaOH and less so in milli-Q water, but it was not soluble in 0.5
M NaCl, methanol, 7% acetic acid or 1-octanol. Fresh slime dissolved partially (87%) in
10mM NaOH, a small amount of the remaining 13% dissolved further after strong dena-
turing (SDS, heat, shaking). The slime consists of 93-95% water and due to extended time
needed for drying, some components of slime seem to be hygroscopic. These observations
lead to the conclusion that the slime consists of both polar and nonpolar components.
The NaOH-soluble parts of the fresh slime (FS) and slime obtained from a Polish farm
(PS) separate consistently through SEC: One large high-MW peak (est. 500-700 kDa with
dextran std.), one smaller peak of medium-high MW, and then two peaks of lower MW
close to the total volume of a Superose HR 6 column. The last peak to elute seems to
interact with the agarose packing material, as it eluted after the total volume estimated
with sucrose.
By UV spectroscopy it was found that the NaOH-soluble portion of FS showed very high
absorption at 280 nm (Abs= 3.66) and a UV spectrum indicative of protein. Fraction 1
(F1) (A= 0.122), F2 (A= 0.094) and F5 (A= 0.408) represent the majority of the ab-
sorbance of the six fractions obtained from SEC. A Bradford assay confirmed protein in
F1 and F2, as well as F3, but not in F 5. These results along with the low MW of fraction
5 indicates that the absorbance in that fraction is due to smaller molecules rather than
protein. SDS-PAGE showed Coomassie stained bands in FS, PS, F1 and F2 at > 250kDa,
above the ladder range. This concurs with indications from SEC, the UV and Bradford
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assays: the presence of a high-MW component rich in protein.
The similarities between the chromatograms and the SDS-PAGE gels of FS and PS, sam-
ples with different geographical origins, suggest that the results found in this project can
be generalized for stress slime obtained from any H. aspersa snail.
The results from the PAS assay were different than expected as there was very weak color
development, but these results would be consistent with the slime containing GAGs. The
C/N ratio of ∼ 7.4 supports the observation of having a mix of proteins, carbohydrates
and other nitrogen containing organic molecules.
When considering the results here obtained in the context of available literature, a gen-
eral model can be put forward for the structure of H. aspersa slime, as a brick castle of
sorts. In this model, different components, such as large MW GAGs and glycoproteins as
well as much smaller molecules, are bound together in a larger structure by the action of
cross-linking or agglutinating element. Indeed, research has found both long-chain GAGs
and lectins that are specific to elements of heparan sulfate and heparin, as well as glue
proteins that have stiffening properties in polysaccharide gels.
This larger structure would then be solubilized by the disturbance of the interactions that
bind the different components together. What is then observed after SEC or SDS-PAGE
separation is thus not necessarily the individual chemical constituents of the slime, but
fractions of this structure with varying degrees of complexity, pieces of the castle that
themselves are still structured. What seems to be possible to take out from the obser-
vations made in this project, is that this brick castle involves protein and/or protein-
carbohydrate complexes which are bound into very high MW structures, which keep large
amounts of water bound and thus make up the primary gel-like element in H. aspersa
slime.
As a perspective for future work, confirming the presence of GAGs and proteins as
well as identifying specific molecules in the different fractions could be done with the help
of nuclear magnetic resonance (NMR) and mass spectroscopy (MS).
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